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Power PC 405GPr Embedded Processor 


Features 


* PowerPC® 405 32-bit RISC processor core 
operating up to 400 MHz with 16KB I- and 
D-caches 


¢ Synchronous DRAM (SDRAM) interface operating 
up to 1838MHz 


- 32-bit interface for non-ECC applications 


- 40-bit interface serves 32 bits of data plus 8 
check bits for ECC applications 


¢ 4KB on-chip memory (OCM) 


¢ External peripheral bus 
- Flash ROM/Boot ROM interface 


- Direct support for 8-, 16-, or 32-bit SRAM and 
external peripherals 


- Up to eight devices 


- External Mastering supported 


¢ DMA support for external peripherals, internal 
UART and memory 


- Scatter-gather chaining supported 


- Four channels 


¢ PCI Revision 2.2 compliant interface (32-bit, up to 
66MHz) 


Description 


Designed specifically to address embedded 
applications, the PowerPC 405GPr (PPC405GPr) 
provides a high-performance, low-power solution that 
interfaces to a wide range of peripherals by 
incorporating on-chip power management features 
and lower power dissipation requirements. 


This chip contains a high-performance RISC 
processor core, SDRAM controller, PCI bus interface, 
Ethernet interface, control for external ROM and 
peripherals, DMA with scatter-gather support, serial 


- Synchronous or asynchronous PCI Bus 
interface 


- Internal or external PCI Bus Arbiter 


Ethernet 10/100Mbps (full-duplex) support with 
media independent interface (MIl) 


¢ Programmable interrupt controller supports 13 
external and 19 internal edge triggered or level- 
sensitive interrupts 


¢ Programmable timers 


Two serial ports (16550 compatible UART) 
¢ One IIC interface 

¢ General purpose I/O (GPIO) available 

¢ Supports JTAG for board level testing 


¢ Internal processor local Bus (PLB) runs at SDRAM 
interface frequency 


¢ Supports PowerPC processor boot from PCI 
memory 


¢ Unique software-accessible 64-bit chip ID number 
(ECID). 


ports, IIC interface, and general purpose I/O. 


Technology: CMOS SA-27E, 0.18 um 
(0.11 um Lege) 


Package: 456-ball (35mm or 27mm) enhanced plastic 
ball grid array (E-PBGA) in both leaded and lead-free 
versions 


Power (typical): 0.72W at 266 MHz 


AMCC 


405GPr -— Power PC 405GPr Embedded Processor Revision 2.04 - September 7, 2007 


Data Sheet 

Contents 

Ordering, PVR, and JTAG Information ........ 0.0.0. eens 4 
Address Map Support ........... 000 cette ene e eet ee 7 
On-Chip; Memory (OGM)) cant .sd ts ae de we dete deed eee es dei eek de isiiedas gana ded 9 
PLBito*PGIInterlace: ina ateie teehee aeeaias eitees Jee ed ate oe hea See Stee eae Ste ea aie ated te 9 
SDRAM Memory Controller 1.0.0.2... 0.0 c tte tenes 10 
External Peripheral Bus Controller (EBC) ............0 000 c cee teens 10 
DMAcGOnmtrollet sys c5icn la ceescetenh si elasaugeeis anh sda acd Raeataces teach Rae pee hte weer ey Sota ooh tite ey A TOL ee DN 11 
Sérial Interface — ws... hd Ae ee ee ie eee eed Se bee ee ee ele 12 
IG Bus: Intertace: 2044 penta doia deat od ie gents hoe Beet egdia Wee Sieg deh aacians dane dd 12 
General Purpose IO (GPIO) Controller ...........0 0000 teens 12 
Universal Interrupt Controller (UIC)... 2.0.0... teens 13 
10/100: Mbps: Ethernet MAC. a. eeeei sa ebia wands ede yds : P PASE Se awd dy oh ae 13 
oS) Gris eters tee Seeee a path ners Gan, auirhagihs Header wartae ra secre wacarter arty eeeMa pat eta ieee amare ch bicane Meese N iere Se tate tS 13 
Signal ist «2.2.4 Afar Beet eae een ad ae ee alae hee bas 28 
Spread Spectrum Clocking .......... 0.0: eee eet 44 
SUAD PING sccteratets sxekatere Ss Sok pia ead na a panels ele id Na dhe cect ate UN had race cteiks col ah gees Cees nn hart erent 51 
Tables 

System Memory Address Map ........... 00 cece tee teeta 7 
DER:Address Map. sei aseeuuias gatetuiee hie Mabie de Sieh hee any bie olen ede eae Be 8 
Signals Listed Alphabetically ........ 0.0... c cette eens 16 
Signals Listed by Ball Assignment ...........0. 000 cette eee 25 
PIN’ SUMMANY” wire oak dew arias 28 ers nahh ose de Ee eet eke heed nae Hie en donk eee ee 28 
Signal Functional Description ...........0. 0.0 cette eee 30 
Absolute Maximum Ratings ......... 0.00: cee tent e eee eee 38 
Package Thermal Specifications ...........0 00 c cect teens 38 
Recommended DC Operating Conditions ............ 00.0 tees 39 
INpUt GapacitanGey seca city ssacshcee atenagetre tt Shea ie caer aerate teeta ate ek A ota eer Rite oe ad acter 40 
DC Electrical Characteristics ..... 0.0... teen eee 41 
Clocking Specifications .. 1.2.2.0... 0. ett 43 
Peripheral Interface Clock TimingS ........... 06000 cee eee teen eteeeeeeeee 45 
I/O Specifications—Group 1... 1... ett tees 47 
I/O Specifications—Group 2 ... 0... tenet eee 50 
PPC405GPr Legacy Mode Strapping Pin Assignments ........... 0.000 ccc eet tenes 51 
PPC405GPr New Mode Strapping Pin Assignments ............. 000 c cee tenes 53 


2 AMCC 


Revision 2.04 - September 7, 2007 405GPr — Power PC 405GPr Embedded Processor 


Data Sheet 

Figures 

PPC405GPr Embedded Controller Functional Block Diagram ............00 0c c eee e eee eee 6 
27mm, 456-Ball E-PBGA Package ........ 0.00. teen een nee n eens 14 
35mm, 456-Ball E-PBGA Package ........ 0.0.0 teen tenn teen eens 15 
5V-Tolerant: Input Current ..iacse wna Sed eee eaeiea ae ea Pele aaa anes bean ie ete ea edn 40 
Input Setup and Hold Waveform ...........0 00 cette eee 46 
Output Delay and Float Timing Waveform .......... 0.00: cect teens 46 


AMCC 3 


405GPr - Power PC 405GPr Embedded Processor Revision 2.04 - September 7, 2007 


Data Sheet 
Ordering, PVR, and JTAG Information 

Product Name Order Part Number" ene Package (Rev | PVR Value JTAG ID 
PPC405GPr_ |PPC405GPr-3BB266 266MHz 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3JB266 266MHz 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3BB266Z 266MHz 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3JB266Z 266MHz 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3DB266 266 MHz 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3KB266 266 MHz 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3DB266Z 266 MHz 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3KB266Z 266 MHz 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3BB333 333MHz2 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr |PPC405GPr-3JB333 333MHz? 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ /PPC405GPr-3BB333Z 333 MHz? 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3JB333Z 333MHz2 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3DB333 333MHz2 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3KB333 333MHz2 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3DB333Z 333MHz2 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3KB333Z 333MHz2 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3BB400 400MHz 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3JB400 400MHz 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3BB400Z 400MHz 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3JB400Z 400MHz 35mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr |PPC405GPr-3DB400 400MHz 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3KB400 400MHz 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3DB400Z 400MHz 27mm, 456 E-PBGA B 0x50910951 0x24088049 
PPC405GPr_ |PPC405GPr-3KB400Z 400MHz 27mm, 456 E-PBGA B 0x50910951 0x24088049 

Notes 
1: Z at the end of the Order Part Number indicates a tape-and-reel shipping package. Otherwise, the chips are shipped in a tray. 
2. If the 333MHz parts are operated at 266MHz or less, the operational temperature range is extended to 105°C 


The part number contains a revision code. This refers to the die mask revision number and is included in the part 
numbering scheme for identification purposes only. 


The PVR (Processor Version Register) is software accessible and contains additional information about the 
revision level of the part. Refer to the PowerPC 405GPr Embedded Processor User’s Manual for details on the 
register content. 
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Order Part Number Key 


PPC405GPr-3BB266x 


L________ Shipping Package 
Part Number 
Grade 3 Reliability 


Package and Operational Case Temperature 

B: 35mm, 456 E-PBGA, -40°C to +85°C 

D: 27mm, 456 E-PBGA, -40°C to +85°C 

J: 35mm, 456 E-PBGA lead-free, -40°C to +85°C 
K: 27mm, 456 E-PBGA lead-free, -40°C to +85°C 


Blank = Tray 
Z = Tape and reel 


Processor Speed 
266MHz 
333 MHz 
400MHz 


Revision Level 
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PPC405GPr Embedded Controller Functional Block Diagram 
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The PPC405GPr is designed using the IBM® Microelectronics Blue Logic™ methodology in which major functional 
blocks are integrated together to create an application-specific ASIC product. This approach provides a consistent 


way to create complex ASICs using IBM CoreConnect™ Bus Architecture. 
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Address Map Support 


The PPC405GPr incorporates two simple and separate address maps. The first address map defines the possible 


use of address regions that the processor can access. The second address map is for Device Configuration 


Registers (DCRs). The DCRs are accessed by software running on the PPC405GPr processor through the use of 


mider and mfder instructions. 


System Memory Address Map 4G System Memory 


Function Subfunction Start Address End Address Size 
0x00000000 OxE7FFFFFF 3712MB 
SDRAM, External Peripherals, and PCI 0xE8010000 OxE87FFFFF 8MB 
General Use eo of the address ranges listed at Ee LiSeaies mabe 
right may be use for any of the above OxEEE00000 OxEFSFFFFF 6MB 
functions. 0OxEF500000 OxEFS5FFFFF 1MB 
0xF0000000 OxFFFFFFFF 256MB 
Peripheral Bus Boot ' OxFFE00000 OxFFFFFFFF 2MB 
ere PCI Boot 2 OxFFFE0O000 OxFFFFFFFF 128KB 
PCI I/O 0xE8000000 OxE800FFFF 64KB 
PCI I/O 0xE8800000 OxEBFFFFFF 56MB 
PCI Configuration Registers OxEEC00000 0OxEEC00007 8B 
Interrupt Acknowledge and Special Cycle OxEED00000 OxEED00003 4B 
Local Configuration Registers OxEF400000 OxEF40003F 64B 
UARTO OxEF600300 OxEF600307 8B 
UART1 OxEF600400 OxEF600407 8B 
. IICO OxEF600500 OxEF60051F 32B 
Internal Peripherals : 
OPB Arbiter OxEF600600 OxEF60063F 64B 
GPIO Controller Registers 0xEF600700 OxEF60077F 128B 
Ethernet Controller Registers OxEF600800 OxEF6008FF 256B 


Notes: 


1. When peripheral bus boot is selected, peripheral bank 0 is automatically configured at reset to the address range listed above. 


2. If PCI boot is selected, a PLB-to-PCI mapping is automatically configured at reset to the address range listed above. 


3. After the boot process, software may reassign the boot memory regions for other uses. 
4. All address ranges not listed above are reserved. 
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DCR Address Map 4k Device Configuration Registers 

Function Start Address End Address Size 
Total DCR Address Space" 0x000 Ox3FF 1KW (4KB)! 
By function: 
Reserved 0x000 Ox00F 16W 
Memory Controller Registers 0x010 0x011 2W 
External Bus Controller Registers 0x012 0x013 2W 
Decompression Controller Registers 0x014 0x015 2wW 
Reserved 0x016 0x017 2W 
On-Chip Memory Controller Registers 0x018 0x01F 8W 
Reserved 0x020 0x07F 96W 
PLB Registers 0x080 0x08F 16W 
Reserved 0x090 Ox09F 16W 
OPB Bridge Out Registers 0x0A0 Ox0A7 8Ww 
Electronic Chip ID (ECID) 0x0A8 O0x0A9 2wW 
Reserved Ox0AA OxOAF 6W 
Clock, Control, Interrupt Routing, and Reset 0x0BO 0x0B7 8W 
Power Management 0x0B8 OxOBF 8W 
Interrupt Controller 0x0C0 Ox0CF 16W 
Reserved 0x0D0O OxOFF 48Ww 
DMA Controller Registers 0x100 0x13F 64W 
Reserved 0x140 0x17F 64W 
Ethernet MAL Registers 0x180 Ox1FF 128W 
Reserved 0x200 Ox3FF 512W 
Notes: 


1. DCR address space is addressable with up to 10 bits (1024 or 1K unique addresses). Each unique address represents a single 32-bit 
(word) register, or 1 kiloword (KW) (which equals 4 KB). 
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On-Chip Memory (OCM) 


The OCM feature comprises a memory controller and a one-port 4KB static RAM (SRAM) accessed by the 
processor core. 


Features include: 
¢ Low-latency access to critical instructions and data 
« Performance identical to cache hits without misses 


¢ Contents change only under program control 


PLB to PCI Interface 


The PLB to PCI interface core provides a mechanism for connecting PCI devices to the local PowerPC processor 
and local memory. This interface is compliant with version 2.2 of the PCI Specification. 


Features include: 


¢ Internal PCI bus arbiter for up to six external devices at PCI bus speeds up to 66MH2z. Internal arbiter use is 
optional and can be disabled for systems which employ an external arbiter. 


¢ PCI bus frequency up to 66MHz 
- Synchronous operation at 1/n fractions of PLB speed (n = 1 to 4) to 33MHz maximum 
- Asynchronous operation from 1/8 PLB frequency to 66 MHz maximum 
* 32-bit PCI address/data bus 
¢ Power Management: 
- PCI Bus Power Management v1.1 compliant 
¢ Supports 1:1, 2:1, 3:1, 4:1 clock ratios from PLB to PCI 
¢ Buffering between PLB and PCI: 
- PCI target 64-byte write post buffer 
- PCI target 96-byte read prefetch buffer 
- PLB slave 32-byte write post buffer 
- PLB slave 64-byte read prefetch buffer 
¢ Error tracking/status 
¢ Supports PCI target side configuration 
¢ Supports processor access to all PCI address spaces: 
- Single-byte PCI I/O reads and writes 
- PCI memory single-beat and prefetch-burst reads and single-beat writes 
- Single-byte PCI configuration reads and writes (type 0 and type 1) 
- PCI interrupt acknowledge 


- PCI special cycle 
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¢ Supports PCI target access to all PLB address spaces 


¢ Supports PowerPC processor boot from PCI memory 


SDRAM Memory Controller 


The PPC405GPr Memory Controller core provides a low latency access path to SDRAM memory. A variety of 
system memory configurations are supported. The memory controller supports up to four physical banks. Up to 
256MB per bank are supported, up to a maximum of 1GB. Memory timings, address and bank sizes, and memory 
addressing modes are programmable. 


Features include: 
* 11x8 to 13x11 addressing for SDRAM (2- and 4-bank) 
¢ 32-bit memory interface support 
¢- Programmable address compare for each bank of memory 
¢ Industry standard 168-pin DIMMS are supported (some configurations) 
¢ PC-133 support for 133 MHz memory 
¢ 4MB to 256MB per bank 
¢ Programmable address mapping and timing 
¢ Auto refresh 
« Page mode accesses with up to 4 open pages 
¢- Power management (self-refresh) 


¢ Error checking and correction (ECC) support 
- Standard single-error correct, double-error detect coverage 
- Aligned nibble error detect 


- Address error logging 


External Peripheral Bus Controller (EBC) 
¢ Supports eight banks of ROM, EPROM, SRAM, Flash memory, or slave peripherals 
¢ Up to 66MHz operation 
¢ Burst and non-burst devices 
* 8-, 16-, 32-bit byte-addressable data bus width support 
- Latch data on Ready 
¢ Programmable 2K clock time-out counter with disable for Ready 


¢ Programmable access timing per device 
- 0-255 wait states for non-bursting devices 


- Q-31 burst wait states for first access and up to 7 wait states for subsequent accesses 
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- Programmable CSon, CSoff relative to address 


- Programmable OEon, WEon, WEoff (0 to 3 clock cycles) relative to CS 
« Programmable address mapping 
¢ Peripheral Device pacing with external “Ready” 


e« External master interface 


- Write posting from external master 


Read prefetching on PLB for external master reads 
- Bursting capable from external master 


Allows external master access to all non-EBC PLB slaves 


External master can control EBC slaves for own access and control 


DMA Controller 
¢ Supports the following transfers: 
- Memory-to-memory transfers 
- Buffered peripheral to memory transfers 
- Buffered memory to peripheral transfers 


¢« Four channels 


Scatter/gather capability for programming multiple DMA operations 
* 8-, 16-, 32-bit peripheral support (OPB and external) 
¢ 32-bit addressing 


e Address increment or decrement 


Internal 32-byte data buffering capability 
¢ Supports internal and external peripherals 
¢ Support for memory mapped peripherals 


¢ Support for peripherals running on slower frequency buses 
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Serial Interface 


One 8-pin UART and one 4-pin UART interface provided 

Selectable internal or external serial clock to allow a wide range of baud rates 
Register compatibility with NS16550 register set 

Complete status reporting capability 

Transmitter and receiver are each buffered with 16-byte FIFOs when in FIFO mode 
Fully programmable serial-interface characteristics 


Supports DMA using internal DMA engine 


liC Bus Interface 


Compliant with Philips® Semiconductors I?C Specification, dated 1995 
Operation at 100kHz or 400kHz 

8-bit data 

10- or 7-bit address 

Slave transmitter and receiver 

Master transmitter and receiver 

Multiple bus masters 

Supports fixed Vpp IIC interface 

Two independent 4 x 1 byte data buffers 

Fifteen memory-mapped, fully programmable configuration registers 
One programmable interrupt request signal 

Provides full management of all IIC bus protocol 


Programmable error recovery 


General Purpose IO (GPIO) Controller 


* Controller functions and GPIO registers are programmed and accessed via memory-mapped OPB bus master 


accesses 


¢ 23 of 24 GPIOs are pin-shared with other functions. DCRs control whether a particular pin that has GPIO 


capabilities acts as a GPIO or is used for another purpose. The 23 GPIOs are multiplexed with: 
- 7 of 8 chip selects 
- All 13 external interrupts 


- All nine instruction trace pins 


¢ Each GPIO output is separately programmable to emulate an open-drain driver (i.e., drives to zero, three- 


stated if output bit is 1) 
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Universal Interrupt Controller (UIC) 


The Universal Interrupt Controller (UIC) provides the control, status, and communications necessary between the 


various sources of interrupts and the local PowerPC processor. 
Features include: 


¢ Supports 13 external and 19 internal interrupts 
¢ Seven of the 13 interrupts are mapped to the same GPIOs as the PPC405GP. 


¢ The other six interrupts can be mapped to any of the GPIOs. 
¢ Edge triggered or level-sensitive 
¢ Positive or negative active 
¢ Non-critical or critical interrupt to processor core 
¢ Programmable critical interrupt priority ordering 


¢ Programmable critical interrupt vector for faster vector processing 


10/100 Mbps Ethernet MAC 
* Capable of handling full/half duplex 100Mbps and 10Mbps operation 


¢ Uses the medium independent interface (MII) to the physical layer (PHY not included on chip) 
JTAG 
¢ IEEE 1149.1 test access port 


¢ IBM RISCWatch debugger support 


¢ JTAG Boundary Scan Description Language (BSDL) 


AMCC 
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27mm, 456-Ball E-PBGA Package 


Top View 


Gold Gate Release 
Corresponds to 
A1 Ball Location 


Notes: 1. All dimensions are in mm. 
2. This package is available in leaded or lead-free configurations. 
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35mm, 456-Ball E-PBGA Package 


Top View 


Gold Gate Release 
Corresponds to 
A1 Ball Location 


Notes: 1. All dimensions are in mm. 
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Pin Lists 


The PPC405GPr embedded controller is available as a 456-ball E-PBGA leaded or lead-free package. The 456- 
ball package is available in two sizes—35 millimeters and 27 millimeters. In this section there are two tables that 
correlate the external signals to the physical package pin (ball) on which they appear. 


The following table lists all the external signals in alphabetical order and shows the ball number on which the signal 
appears. Multiplexed signals are shown with the default signal (following reset) not in brackets and the alternate 
signal in brackets. Multiplexed signals appear alphabetically multiple times in the list—once for each signal name 
on the ball. The page number listed gives the page in “Signal Functional Description” on page 30 where the signals 
in the indicated interface group begin. 


Signals Listed Alphabetically (Sheet 1 of 9) 


Signal Name Ball Interface Group Page 
AGND E22 |System 35 
AVpp D25 |System 35 
BAO AB24 
BA Ac24 [SDRAM 36 
BankSel0 AD17 
BankSel1 AF17 
BankSel2 AES |SORAM Oe 
BankSel3 AC14 
BEO[PCICO] D19 
BE1[PCIC1] F24 
BE2[PCIC2] K24 PC! yo 
BE3[PCIC3] R26 
BusReq R3 External Master Peripheral 34 
CAS AB23  |SDRAM 32 
ClIkEnO AB25 
ClkEnt Aga. [PERAM ae 
DMAAckO D16 
DMAAck1 B15 F 
DMAAck2 B14 External Slave Peripheral 32 
DMAAck3 C12 
DMAReq0 C16 
DMAReq1 D14 . 
DMAReq2 C11 External Slave Peripheral 32 
DMAReq3 A7 
DQMO AC12 
DQM1 AC10 
DaM2 AC6 SDRAM 32 
DQM3 AA3 
DQMCB AC15 |SDRAM 32 
ECCO AE14 
ECC1 AF15 
ECC2 AF14 
ECC3 AD13 
ECC4 Aria. [pone ve 
ECC5 AF12 
ECC6 AE13 
ECC7 AD12 
EMCMDCIk H24__|Ethernet 31 
EMCMDIO[PHYMDIO] AD26_ {Ethernet 31 
EMCTxDO J26 
EMCTxD1 L25 
EMCTxD2 tieg || Woes 3 
EMCTxD3 P25 
EMCTxEn K23 _|Ethernet 31 
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Signals Listed Alphabetically (Sheet 2 of 9) 
Signal Name Ball Interface Group Page 
EMCTxErr K25___‘|Ethernet 31 


EOTO0/TCO F3 
EOT1/TC1 G2 
EOT2/TC2 V2 
EOT3/TC3 Y1 


ExtAck Y3 External Master Peripheral 34 
ExtReq Y4 External Master Peripheral 34 
ExtReset T3 External Master Peripheral 34 


External Slave Peripheral 32 


Ground 


GND H1 Note: L11-L16, M11-M16, N11-N16, P11-P16, R11-R16, and T11-T16 are also 


J5 thermal balls. oF 


R11-R16 
TI 
T11-T16 
T26 
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Data Sheet 
Signals Listed Alphabetically (Sheet 3 of 9) 
Signal Name Ball Interface Group Page 
AB9 
AB13 
AB14 
AB18 
AB22 
AC4 
AC23 
AD3 
AbD24_ |Ground 
GND AE1_ |Note: L11-L16, M11-M16, N11-N16, P11-P16, R11-R16, and T11-T16 are also 37 
AE2 _ |thermal balls. 
AE25 
AF1 
AF6 
AF8 
AF11 
AF16 
AF21 
AF25 
AF26 
Gnt[PCIReq0] C19 =|PCl 30 
GPIO1[TS1E] D18 
GPIO2[TS2E] C20 
GPIO3[TS10] A22 
GPIO4[TS20] AF18 
GPIO5[TS3] AC9_ |System 35 
GPIO6[TS4] AE8 
GPIO7[TS5] AF5 
GPIO8[TS6] AC7 
GPIO9[TrcClk] AB3 
[GP1010]PerCS1 C4 
[GP1IO11]PerCS2 C5 
[GPIO12]PerCS3 A4 
[GP1013]PerCS4 B9 = |System 35 
[GP1O14]PerCS5 B10 
[GP1015]PerCS6 AQ 
[GP1016]PerCS7 B11 
[GPIO17]IRQO V25 
[GPIO18]IRQ1 V23 
[GPIO19}]IRQ2 W24 
[GPIO20]IRQ3 W25 
[GPIO21]IRO4 y24_ [System oF 
[GPIO22]IRQ5 Y25 
[GP1O23]IRQ6 AA24 
GPIO24 D20 
Halt AB26 |System 35 
HoldAck U2 External Master Peripheral 34 
HoldPri T2 External Master Peripheral 34 
HoldReq V1 External Master Peripheral 34 
IICSCL AD6 _ {Internal Peripheral 34 
IICSDA AE7 _ {Internal Peripheral 34 
IRQO[GPIO17] V25 
IRQ1[GPIO18] V23 
IRQ2[GPIO19] W24 
IRQ3[GPIO20] W25 _ |Interrupts 35 
IRQ4[GPI021] Y24 
IRQ5[GPIO22] Y25 
IRQ6[GPIO23] AA24 
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Data Sheet 

Signals Listed Alphabetically (Sheet 4 of 9) 

Signal Name Ball Interface Group Page 
MemAddr0O AE22 
MemAddr1 AC21 
MemAddr2 AE21 
MemAddr3 AD21 
MemAddr4 AF22 
MemAddré acta (SDRAM 32 
emandie AEig  |Note: During a CAS cycle MemAddr0 is the least significant bit (Isb) on this bus. 
MemAddr8 AD19 
MemAddr9 AC18 
MemAddr10 AF19 
MemAdar1 1 AD18 
MemAddr12 AC17 
MemClkOutO AC26 
MemCikOutt AA23 [SDRAM ae 
MemData0 AC13 
MemData1 AE12 
MemData2 AD11 
MemData3 AC11 
MemData4 AF10 
MemData5 AE11 
MemData6 AD10 
MemData7 AF9 
MemData8 AD9 
MemData9Q AE9 
MemData10 AD8 
MemData11 AF7 
MemData12 AC8 
MemData13 AD7 
MemData14 AE6 
MemData15 AE5 |SDRAM 30 
MemData16 AE4 ___|Note: MemData0 is the most significant bit (msb) on this bus. 
MemData17 AD5 
MemData18 AD4 
MemData19 AC5 
MemData20 AD1 
MemData21 AB2 
MemData22 AA4 
MemData23 AA2 
MemData24 AB1 
MemData25 Y2 
MemData26 W4 
MemData27 W2 
MemData28 W3 
MemData29 V4 
MemData30 wW1 
MemData31 V3 
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Data Sheet 


Revision 2.04 —- September 7, 2007 


Signals Listed Alphabetically (Sheet 5 of 9) 


Signal Name Ball Interface Group Page 
B17 
C13 
E6 
E7 
E8 
E19 
E20 
E21 
F5 
F22 
G5 
G22 
H5 
H22 
K2 
OVpp i Output driver voltage 37 
U25 
W5 
W22 
Y5 
Y22 
AA5 
AA22 
AB6 
AB7 
AB8 
AB19 
AB20 
AB21 
AD14 
AE10 
PCIADO A17 
PCIAD1 B16 
PCIAD2 C17 
PCIAD3 A18 
PCIAD4 D17 
PCIAD5 C18 
PCIAD6 B18 
PCIAD7 A20 
PCIAD8 B21 
PCIAD9 A23 
PCIAD10 D21 
PCIAD11 B22 
PCIAD12 B23 
PCIAD13 C22 
PCIAD14 C26 
PCIAD15 F25  |PCI 30 
PCIAD16 K26__|Note: PCIAD31 is the most significant bit (msb) on this bus. 
PCIAD17 L23 
PCIAD18 M25 
PCIAD19 M23 
PCIAD20 N25 
PCIAD21 M26 
PCIAD22 N26 
PCIAD23 P24 
PCIAD24 R24 
PCIAD25 R23 
PCIAD26 P23 
PCIAD27 R25 
PCIAD28 T24 
PCIAD29 U26 
PCIAD30 T25 
PCIAD31 V26 
PCICO[BEO] D19 
PCIC1[BE1] F24 
PCIC2[BE2] K24 PC! os 
PCIC3[BE3] R26 
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Data Sheet 
Signals Listed Alphabetically (Sheet 6 of 9) 

Signal Name Ball Interface Group Page 
PCIClk B20 _|PCI 30 
PCIDevSel H25_ |PCl 30 
PCIFrame J24 =‘ |PCI 30 
PCIGntO[Req] U23 
PCIGnt1 T23 
PCIGnt2 F23 
PCIGnt3 H2e [PC ag 
PCIGnt4 N23 
PCIGnt5 M24 
PCIIDSel P26 |PCI 30 
PCIINT[PerWE] C23 =|PCI 30 
PCIIRDY J23 ——-|PCI 30 
PCIParity E26 |PCI 30 
PCIPErr G25__—‘|PCI 30 
PCIReq0[Gnt] C19 
PCIReq1 C21 
PCIReq2 B19 
PCIReq3 ao4_ |PC! 30 
PCIReqg4 G23 
PCIReq5 J25 
PClReset B24 |PCI 30 
PCISErt G24_|PCI 30 
PCIStop H23  |PCl 30 
PCITRDY G26 |PCI 30 
PerAddrO D5 
PerAddr1 A3 
PerAddr2 B4 
PerAddr3 B5 
PerAddr4 D6 
PerAddr5 B6 
PerAddr6 C6 
PerAddr7 D7 
PerAddr8 A5 
PerAddr9 B7 
PerAddr10 C7 
PerAddr1 1 D8 
PerAddr12 B8 
PerAddr13 C8 
PerAddr14 D9 
PerAddr15 A8 : 
PerAddr16 c9 External Slave Peripheral 32 
PerAddr17 D10 
PerAddr18 C10 
PerAddr19 A10 
PerAddr20 D11 
PerAddr21 B12 
PerAddr22 D13 
PerAddr23 D12 
PerAddr24 B13 
PerAddr25 A12 
PerAddr26 A13 
PerAddr27 C14 
PerAddr28 A14 
PerAddr29 A15 
PerAddr30 C15 
PerAddr31 D15 
PerBLast F2 External Slave Peripheral 32 
PerClk E4 External Master Peripheral 34 
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Data Sheet 


Signals Listed Alphabetically (Sheet 7 of 9) 


Signal Name Ball Interface Group Page 
PerCSO B3 
PerCS1[GPIO10] C4 
PerCS2[GPIO1 1] C5 
PerCS3[GPIO1 2] A4 F 
PerCS4(GPIO13] BQ External Slave Peripheral 32 
PerCS5[GPIO14] B10 
PerCS6[GPIO15] AQ 
PerCS7[GPIO16] B11 
PerDataO U4 
PerData1 U3 
PerData2 U1 
PerData3 T4 
PerData4 R2 
PerData5 P4 
PerData6 R4 
PerData7 P2 
PerData8 R1 
PerData9 P1 
PerData10 N3 
PerData11 N1 
PerData12 M1 
PerData13 N2 
PerData14 M3 
PerData15 M4 F 
PerData16 N4 External Slave Peripheral 32 
PerData17 M2 
PerData18 L3 
PerData19 L4 
PerData20 K1 
PerData21 L2 
PerData22 K3 
PerData23 J1 
PerData24 K4 
PerData25 J3 
PerData26 J2 
PerData27 J4 
PerData28 H3 
PerData29 G1 
PerData30 H2 
PerData31 H4 
PerErr B1 External Master Peripheral 34 
PerOE C2 External Slave Peripheral 32 
PerParO D3 
PerPar1 G4 : 
PorPar2 G3 External Slave Peripheral 32 
PerPar3 E1 
PerReady E3 External Slave Peripheral 32 
PerR/W C1 External Slave Peripheral 32 
PerWBEO D2 
PerWBE1 E2 F 
PerWBE2 F4 External Slave Peripheral 32 
PerWBE3 D1 
[PerWE]PCIINT C23 __‘|External Slave Peripheral 32 
PHYCol AA25_|Ethernet 31 
PHYCrS W23 __ |Ethernet 31 
PHYRxClk AF20_ |Ethernet 31 
PHYMDIO[EMCMDIO] AD26_ |Ethernet 31 
PHYRxDO AE23 
PHYRxD1 AF23 
PHYRxD2 Aczo.. (Ememet a 
PHYRxD3 AD20 
PHYRxDV V24_ ‘|Ethernet 31 
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Data Sheet 
Signals Listed Alphabetically (Sheet 8 of 9) 

Signal Name Ball Interface Group Page 
PHYRxErr U24__|Ethernet 31 
PHYTxCIk E25 ‘/Ethernet 31 
RAS AF24 |SDRAM 32 

C25 

ce Other 
Reserved y23 ~~ |Note: AF4 must be tied to OVpp or GND. All other reserved pins should be left 37 

Y26_~_~‘|unconnected. 

AF4! 
Req[PCIGni0] U23 {PCI 30 
SysClk A25_ |System 35 
SysErr AD25_ ‘|System 35 
SysReset D22 |System 35 
TCK AD22 |JTAG 35 
TDI AE24 |JTAG 35 
TDO AD23 |JTAG 35 
TestEn D26 |System 35 
TmrClk D24 |System 35 
TMS AC22 |JTAG 35 
TRST AE26 |JTAG 35 
[TS1E]GPIO1 D18 
[TS2E]GPIO2 C20 
[TS1O]GPIO3 A22 
[TS2O0]GPIO4 AF18 
[TS3]GPIO5 AC9_ |System 35 
[TS4]GPIO6 AE8 
[TS5]GPIO7 AF5 
[TS6]GPIO8 AC7 
[TrcClk]GPIO9 AB3 
UARTO_CTS AB4 Internal Peripheral 34 
UARTO_DCD AE18 __|Internal Peripheral 34 
UARTO_DSR AE3 {Internal Peripheral 34 
UARTO_DTR AF2___|Internal Peripheral 34 
UARTO_RI AD15_ [Internal Peripheral 34 
UARTO_RTS AD16_ Internal Peripheral 34 
UARTO_Rx AE16_ {Internal Peripheral 34 
UARTO_Tx AF3 _ {Internal Peripheral 34 
UART1_CTS/UART1_DSR AC3__ |Internal Peripheral 34 
UART1_DSR/UART1_CTS AC3 _ |Internal Peripheral 34 
UART1_DTR/UART1_RTS AD2 _ {Internal Peripheral 34 
UART1_RTS/UART1_DTR AD2 _ {Internal Peripheral 34 
UART1_Rx AC1_ |Internal Peripheral 34 
UART1_Tx AC2 [Internal Peripheral 34 
UARTSerClk AE17_ {Internal Peripheral 34 
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Signals Listed Alphabetically (Sheet 9 of 9) 
Signal Name Ball Interface Group Page 


E10 
E11 


Vop R5__ [Logic voltage 37 


WE AC16 |SDRAM 32 
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Signals Listed by Ball Assignment (Sheet 1 of 3) 


Ball Signal Name Ball Signal Name Ball Signal Name Ball Signal Name 
Al GND B14 DMAAck2 D1 PerWBE3 E14 GND 
A2 GND B15 DMAAckt1 D2 PerWBEO E15 Vpp 
A3 PerAddr1 B16 PCIAD1 D3 PerParO E16 Vpp 
A4 PerCS3[GP1012] B17 OVpp D4 GND E17 Vpp 
A5 PerAddr8 B18 PCIAD6 D5 PerAddrO E18 GND 
A6 GND B19 PCIReq2 D6 PerAddr4 E19 OVpp 
A7 DMAReg3 B20 PCICIk D7 PerAddr7 E20 OVpp 
A8 PerAddr15 B21 PCIAD8 D8 PerAddr11 E21 OVpp 
AQ PerCS6[GPIO15] B22 PCIAD11 D9 PerAddr14 E22 AGND 
A10 PerAddr19 B23 PCIAD12 D10 PerAddr17 E23 Reserved 
Al1 GND B24 PCiReset D11 PerAddr20 E24 Reserved 
A12 PerAddr25 B25 GND D12 PerAddr23 E25 PHYTxCIk 
A13 PerAddr26 B26 GND D13 PerAddr22 E26 PCIParity 
A14 PerAddr28 C1 PerR/W D14 DMAReq1 F1 GND 
A15 PerAddr29 C2 PerOE D15 PerAddr31 F2 PerBLast 
A16 GND C3 GND D16 DMAAckO F3 EOTO0/TCO 
A17 PCIADO C4 PerCS1[GPIO10] D17 PCIAD4 F4 PerWBE2 
A18 PCIAD3 C5 PerCS2[GPIO11] D18 GPIO1[TS1E] F5 OVpp 
A19 GND C6 PerAddr6 D19 PCICO[BE0] F22 OVpp 
A20 PCIAD7 C7 PerAddr10 D20 GP1024 F23 PCiGnt2 
A21 GND C8 PerAddr13 D21 PCIAD10 F24 PCIC1[BET] 
A22 GPIO3[TS10] cg PerAddr16 D22 SysReset F25 PCIAD15 
A23 PCIAD9 C10 PerAddr18 D23 GND F26 GND 
A24 PCIReq3 C11 DMAReq2 D24 TmrClk G1 PerData29 
A25 SysClk C12 DMAAck3 D25 AVpp G2 EOT1/TC1 
A26 GND C13 OVpp D26 TestEn G3 PerPar2 
Bi PerErr C14 PerAddr27 E1 PerPar3 G4 PerPar1 
B2 GND C15 PerAddr30 E2 PerWBE1 G5 OVpp 
B3 PerCSO C16 DMAReq0O E3 PerReady G22 OVpp 
B4 PerAddr2 C17 PCIAD2 E4 PerClk G23 PCIReq4 
B5 PerAddr3 C18 PCIAD5 E5 GND G24 PCISErr 
B6 PerAddr5 C19 PCIReq0[Gnt] E6 OVpp G25 PCIPErr 
B7 PerAddr9 C20 GPIO2[TS2E] E7 OVpp G26 PCITRDY 
B8 PerAddr12 C21 PCIReqt E8 OVpp H1 GND 
B9 PerCS4[GP1013] C22 PCIAD13 E9 GND H2 PerData30 
B10 PerCS5[GP1014] C23 PCIINT[PerWE] E10 Vpp H3 PerData28 
B11 PerCS7[GPIO16] C24 GND E11 Vop H4 PerData31 
B12 PerAddr21 C25 Reserved E12 Vpp H5 OVpp 
B13 PerAddr24 C26 PCIAD14 E13 GND H22 OVpp 
H23 PCIStop M1 PerData12 P14 GND U1 PerData2 
H24 EMCMDCIk M2 PerData17 P15 GND U2 HoldAck 
H25 PCIDevSel M3 PerData14 P16 GND U3 PerData1 
H26 PCIGnt3 M4 PerData15 P22 GND U4 PerDataO 
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Signals Listed by Ball Assignment (Sheet 2 of 3) 
Ball Signal Name Ball Signal Name Ball Signal Name Ball Signal Name 
J PerData23 M5 Vpp P23 PCIAD26 U5 Vpp 
J2 PerData26 M11 GND P24 PCIAD23 U22 Vpp 
J3 PerData25 M12 GND P25 EMCTxD3 U23 PCIGnt0[Req] 
J4 PerData27 M13 GND P26 PCIIDSel U24 PHYRxErr 
J5 GND M14 GND R1 PerData8 U25 OVpp 
J22 GND M15 GND R2 PerData4 U26 PCIAD29 
J23 PCIIRDY M16 GND R3 BusReq V1 HoldReq 
J24 PCiFrame M22 Vpp R4 PerData6 v2 EOT2/TC2 
J25 PCIReq5 M23 PCIAD19 R5 Vop V3 MemData31 
J26 EMCTxDO M24 PCIGnt5 R11 GND v4 MemData29 
K1 PerData20 M25 PCIAD18 R12 GND V5 GND 
K2 OVpp M26 PCIAD21 R13 GND v22 GND 
K3 PerData22 N1 PerData1 1 R14 GND V23 IRQ1[GP1018] 
K4 PerData24 N2 PerData13 R15 GND V24 PHYRxDV 
K5 Vpp N3 PerData10 R16 GND V25 IRQO[GPIO17] 
K22 Vpp N4 PerData16 R22 Vop V26 PCIAD31 
K23 EMCTxEn N5 GND R23 PCIAD25 wi MemData30 
K24 PCIC2[BE2] N11 GND R24 PCIAD24 we2 MemData27 
K25 EMCTxErr N12 GND R25 PCIAD27 w3 MemData28 
K26 PCIAD16 N13 GND R26 PCIC3[BE3] w4 MemData26 
L1 GND N14 GND 1 GND W5 OVpp 
L2 PerData21 N15 GND T2 HoldPri w22 OVpp 
L3 PerData18 N16 GND T3 ExtReset W23 PHYCrS 
L4 PerData19 N22 GND T4 PerData3 w24 IRQ2[GP1019] 
L5 Vpp N23 PCIGnt4 15 Vpp Ww25 IRQ3[GP1020] 
Li GND N24 OVpp TH GND Ww26 GND 
L12 GND N25 PCIAD20 T12 GND Y1 EOT3/TC3 
L13 GND N26 PCIAD22 T13 GND Y2 MemData25 
L14 GND Pt PerData9 T14 GND Y3 ExtAck 
L15 GND P2 PerData7 T15 GND Y4 ExtReq 
L16 GND P3 OVpp T16 GND Y5 OVpp 
L22 Vpp P4 PerData5 T22 Vop Y22 OVpp 
L23 PCIAD17 P5 GND T23 PCIGntt Y23 Reserved 
L24 EMCTxD2 P14 GND T24 PCIAD28 Y24 IRQ4[GP1021] 
L25 EMCTxD1 P12 GND T25 PCIAD30 Y25 IRQ5[GP1022] 
L26 GND P13 GND T26 GND Y26 Reserved 
AAI GND AB26 Halt AD9 MemData8 AE18 UARTO_DCD 
AA2 MemData23 ACI UART1_Rx AD10 MemData6 AE19 MemAdar7 
AA3 DQM3 AC2 UART1_Tx AD11 MemData2 AE20 MemAddr5 
AMM MemData22 AC3 Caro AD12 ECC7 AE21 MemAddr2 
AA5 OVpp AC4 GND AD13 ECC3 AE22 MemAddr0 
AA22 OVpp AC5 MemData19 AD14 OVpp AE23 PHYRxDO 
AA23 MemClkOut1 AC6 DQM2 AD15 UARTO_RI AE24 TDI 
AA24 IRQ6[GPIO23] AC7 GPIO8[TS6] AD16 UARTO_RTS AE25 GND 
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Ball Signal Name Ball Signal Name Ball Signal Name Ball Signal Name 
AA25 PHYCol AC8 MemData12 AD17 BankSel0 AE26 TRST 
AA26 GND AC9 GPIO5[TS3] AD18 MemAddr1 1 AF1 GND 
ABI MemData24 AC10 DQM1 AD19 MemAdar8 AF2 UARTO_DTR 
AB2 MemData21 AC11 MemData3 AD20 PHYRxD3 AF3 UARTO_Tx 
AB3 GPIO9[TreCik] AC12 DQMoO AD21 MemAdar3 AF4 Reserved 
AB4 UARTO_CTS AC13 MemData0 AD22 TCK AF5 GPIO7[TS5] 
AB5 GND AC14 BankSel3 AD23 TDO AF6 GND 
AB6 OVpp AC15 DQMCB AD24 GND AF7 MemDatat 1 
AB7 OVpp AC16 WE AD25 SysErr AF8 GND 
ABS OVpp AC17 MemAddrt2 AD26 EEAIBIO) AFQ MemData7 
ABO GND AC18 MemAddr9 AE1 GND AF10 MemData4 
AB10 Vpp AC19 MemAddr6 AE2 GND AF11 GND 
AB11 Vpp AC20 PHYRxD2 AES UARTO_DSR AF12 ECC5 
AB12 Vpp AC21 MemAdar1 AE4 MemData16 AF13 ECC4 
AB13 GND AC22 TMS AE5 MemData15 AF14 ECC2 
AB14 GND AC23 GND AE6 MemData14 AF15 ECC1 
AB15 Vpp AC24 BAI AE7 IICSDA AF16 GND 
AB16 Vpp AC25 ClkEn1 AE8 GPIO6[TS4] AF17 BankSelt 
AB17 Vpp AC26 MemClkOut0 AEQ MemData9 AF18 GPIO4[TS20] 
AB18 GND AD1 MemData20 AE10 OVpp AF19 MemAddr10 
AB19 OVap AD2 aaa AE11 MemData5 AF20 PHYRxClk 
AB20 OVpp AD3 GND AE12 MemDatat AF21 GND 
AB21 OVpp AD4 MemData18 AE13 ECC6 AF22 MemAddr4 
AB22 GND AD5 MemData17 AE14 ECCO AF23 PHYRxD1 
AB23 CAS AD6 IICSCL AE15 BankSel2 AF24 RAS 
AB24 BAO AD7 MemData13 AE16 UARTO_Rx AF25 GND 
AB25 ClkEno AD8 MemData10 AE17 UARTSerClk AF26 GND 
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Signal List 


The following table provides a summary of the number of package pins associated with each functional interface 
group. 


Pin Summary 


Group No. of Pins 
PCl 60 
Ethernet 18 
SDRAM 71 
External peripheral 96 
External master 

Internal peripheral 15 
Interrupts 7 
JTAG 5 
System 18 

Total Signal Pins 299 
OVpp 32 

Vpp 24 

Gnd 59 
Thermal (and Gnd) 36 

| —s Reseved = =—s(<Géaiaéd)tttttt t”~—S 
Total Pins 456 


Multiplexed Pins 


In the table “Signal Functional Description” on page 30, each external signal is listed along with a description of the 
signal function. Some signals are multiplexed on the same pin (ball) so that the pin can be used for different 
functions. Multiplexed signals are shown as a default signal with a secondary signal in square brackets (for 
example, GPIO1[TS1E]). Active-low signals (for example, RAS) are marked with an overline. 


It is expected that in any single application a particular pin will always be programmed to serve the same function. 
The flexibility of multiplexing allows a single chip to offer a richer pin selection than would otherwise be possible. 


In addition to multiplexing, many pins are also multi-purpose. For example, the EBC peripheral controller address 
pins are used as outputs by the PPC405GPr to broadcast an address to external slave devices when the 
PPC405GPr has control of the external bus. When, during the course of normal chip operation, an external master 
gains ownership of the external bus, these same pins are used as inputs which are driven by the external master 
and received by the EBC in the PPC405GPr. In this example, the pins are also bidirectional, serving as both inputs 
and outputs. 


Intialization Strapping 


One group of pins is used as strapped inputs during system reset. These pins function as strapped inputs only 
during reset and are used for other functions during normal operation (see “Strapping” on page 51). Note that the 
use of these pins for strapping is not considered multiplexing since the strapping function is not programmable. 
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Pull-Up and Pull-Down Resistors 


Pull-up and pull-down resistors are used for strapping during reset and to retain unused or undriven inputs in an 
appropriate state. The recommended pull-up value of 3kQ to +3.3V (10kQ to +5V can be used on 5V tolerant I/Os) 
and pull-down value of 1kQ to GND, applies only to individually terminated signals. To prevent possible damage to 
the device, I/Os capable of becoming outputs must never be tied together and terminated through a common 
resistor. 


If your system-level test methodology permits, input-only signals can be connected together and terminated 
through either a common resistor or directly to +3.3V or GND. When a resistor is used, its value must ensure that 
the grouped I/Os reach a valid logic zero or logic one state when accounting for the total input current into the 
PPC405GPr. 


Unused I/Os 


For some interfaces, it is possible to turn off input receivers for some or all of the signals by means of bit settings in 
register CPCO_CR1. When this gating capability is applied to unused signals, it is not necessary to terminate them. 
Refer to the PowerPC 405GPr Embedded Processor User’s Manual for details. 


If receiver gating is not used, termination of some pins may be necessary when they are unused. Although the 
PPC405GPr requires only the pull-up and pull-down terminations as specified in the “Signal Functional 
Description” on page 30, good design practice is to terminate all unused inputs or to configure I/Os such that they 
always drive. If unused, and receiver gating is not used, the peripheral, SDRAM, and PCI buses should be 
configured and terminated as follows: 


¢ Peripheral interface—PerAddr0:31, PerData0:31, and all of the control signals are driven by default. Terminate 
PerReady high and PerError low. 


¢ SDRAM—Program SDRAMO_CFG[EMDULR]=1 and SDRAMO_CFG[DCE]=1. This causes the PPC405GPr to 
actively drive all of the SDRAM address, data, and control signals. 


¢ PCl—The PCI pull-up requirements given in the Signal Functional Description apply only when the PCI 
interface is being used. When the PCI bridge is unused, configure the PCI controller to park on the bus and 
actively drive PCIAD31:0, PCIC3:0[BE3:0], and the remaining PCI control signals by doing the following: 


- Strap the PPC405GPr to disable the internal PCI arbiter and to operate the PCI interface in synchronous 
mode. 


Individually connect PCISErr, PCIPErr, PCITRDY, and PCIStop through 3kQ resistors to +3.3V. 
Terminate PCIReq1:5 to +3.3V. 
- Terminate PCIReq0O[Gnt] to GND. 


External Bus Control Signals 


All peripheral bus control signals (PerCS0:7, PerR/W, PerWBE0:3, PerOE, PerWE, PerBLast, HoldAck, ExtAck) 
are set to the high-impedance state when ExtReset=0. In addition, as detailed in the PowerPC 405GPr Embedded 
Processor User’s Manual, the peripheral bus controller can be programmed via EBCO_CFG to float some of these 
control signals between transactions and/or when an external master owns the peripheral bus. As a result, a pull- 
up resistor should be added to those control signals where an undriven state may affect any devices receiving that 
particular signal. 


The following table lists all of the I/O signals provided by the PPC405GPr. Please refer to “Signals Listed 
Alphabetically” on page 16 for the pin number to which each signal is assigned. 
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Signal Functional Description (Sheet 1 of 8) 
Multiplexed signals are shown in brackets following the first signal name assigned to each multiplexed ball. 


Notes: 
1. Receiver input has hysteresis. 
2. Must pull up. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
3. Must pull down. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
4. lf not used, must pull up. 
5. If not used, must pull down. 
6. Strapping input during reset; pull up or pull down as required. 
7. Pull-up may be required. See “External Bus Control Signals” on page 29. 
Signal Name Description We) Type Notes 
PCI Interface 
PCIAD31:0 PCI Address/Data Bus. Multiplexed address and data bus. V0 ee et 
IRE 0 5V tolerant 
PCIC3:0[BE3:0] PCI bus command and byte enables. VO 
3.3V PCI 
PCI parity. Parity is even across PCIADO:31 and PCICO:3[BE0:3]. 
PCIParit PC|IParity is valid one cycle after either an address or data phase. V0 5V tolerant 
y The PCI device that drove PCIADO:31 is responsible for driving 3.3V PCI 
PC|IParity on the next PCI bus clock. 
yal as PCIFrame is driven by the current PCI bus master to indicate the 5V tolerant 
RelTame beginning and duration of a PCI access. nm 3.3V PCI 
PCIIRDY PCIIRDY is driven by the current PCI bus master. Assertion of me) 5V tolerant 2 
PCIIRDY indicates that the PCI initiator is ready to transfer data. 3.3V PCI 
PCITRDY The target of the current PCI transaction drives PCITRDY. Assertion Me) 5V tolerant 2 
of PCITRDY indicates that the PCI target is ready to transfer data. 3.3V PCI 
The target of the current PCI transaction can assert PCIStop to 5V tolerant 
PCIStop indicate to the requesting PCI master that it wants to end the current VO 3.3V PCI 2 
transaction. : 
PCIDevSel is driven by the target of the current PCI transaction. A ENPiolarant 
PCIDevSel PCI target asserts PCIDevSel when it has decoded an address and VO 2 
: : : 3.3V PCI 
command encoding and claims the transaction. 
PCIIDSel PCIIDSel is used during configuration cycles to select the PCI slave 5V tolerant 
interface for configuration. 3.3V PCI 
PCISEr PCISErr is used for reporting address parity errors or catastrophic V0 5V tolerant 2 
failures detected by a PCI target. 3.3V PCI 
PCIPErr is used for reporting data parity errors on PCI transactions. 
PCIPEr PCIPErr is driven active by the device receiving PCIADO:31, V0 5V tolerant 2 
PCIC0:3[BE0:3], and PCIParity, two PCI clocks following the data in 3.3V PCI 
which bad parity is detected. 
PCIClk is used as the asynchronous PCI clock when in Siiolerant 
PCICIk asynchronous mode. It is unused when the PCI interface is operated 3.3V PCI 
synchronously with the PLB bus. ; 
sap A 5V tolerant 
PClReset PCI specific reset. oO 3 3V PCI 
PCI interrupt. Open-drain output (two states; 0 or open circuit) 
PCIINT[PerWE] = |O" . . Os. | ener 
Peripheral write enable. Low when any of the four PerWBE0:3 write 3.3 
byte enables are low. 
PCIReqo[Gnt] Multipurpose signal, used as PCIReq0 when internal arbiter is used, 5V tolerant 
q and as Gnt when external arbiter is used. 3.3V PCI 
PCIReq1:5 Used as PClReq1:5 input when internal arbiter is used. py IDletant 
3.3V PCI 
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Signal Functional Description (Sheet 2 of 8) 
Multiplexed signals are shown in brackets following the first signal name assigned to each multiplexed ball. 
Notes: 


1. Receiver input has hysteresis. 
2. Must pull up. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
3. Must pull down. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
4. lf not used, must pull up. 
5. If not used, must pull down. 
6. Strapping input during reset; pull up or pull down as required. 
7. Pull-up may be required. See “External Bus Control Signals” on page 29. 
Signal Name Description Iie) Type Notes 
GntO when internal arbiter is used ey ieisant 
PCIGntO[Req] or a O 3.3V PCI 
Req when external arbiter is used. 
PCIGnt1:5 Used as PCIGnt1:5 output when internal arbiter is used. oO ey loletarn 
3.3V PCI 
Ethernet Interface 
PHYRxD3:0 Received data. This is a nibble wide bus from the PHY. The data is 5V tolerant 1 
. synchronous with the PHYRxClk. 3.3V LVTTL 
; Transmit data. A nibble wide data bus towards the net. The data is 5V tolerant 
EMCTxD3:0 synchronous to the PHYTxCIk. O | 33VLVTTL 2 
PHYRxErr Receive Error. This signal comes from the PHY and is synchronous 5V tolerant 1 
to the PHYRxCIk. 3.3V LVTTL 
F , Dats F 5V tolerant 
PHYRxClk Receiver Medium clock. This signal is generated by the PHY. 3.3V LVTTL 1 
Receive Data Valid. Data on the Data Bus is valid when this signal is 5\/ tolerant 
PHYRxDV activated. Deassertion of this signal indicates end of the frame 1 
: 3.3V LVTTL 
reception. 
: : — : 5V tolerant 
PHYCrS Carrier Sense signal from the PHY. This is an asynchronous signal. 3.3V LVTTL 1 
Transmit Error. This signal is generated by the Ethernet controller, is BV tolerant 
EMCTxErr connected to the PHY and is synchronous with the PHYTXCIk. It oO 3.3V LVTTL 6 
informs the PHY that an error was detected. : 
Transmit Enable. This signal is driven by the EMAC to the PHY. Data 
EMCTxEn is valid during the active state of this signal. Deassertion of this signal O 5V tolerant 6 
indicates end of frame transmission. This signal is synchronous to 3.3V LVTTL 
the PHYTXxClk. 
‘ : , , 5V tolerant 
PHYTxClk This clock comes from the PHY and is the Medium Transmit clock. 3.3V LVTTL 1 
PHYCol Collision signal from the PHY. This is an asynchronous signal py so ram 1 
9 y a 3.3V LVTTL 
Management Data Clock. The MDClk is sourced to the PHY. This 
EMCMDCIk clock has a period of 400ns, adjustable via EMACO_STACR[OPBC]. O 5V tolerant 
Management information is transferred synchronously with respect to 3.3V LVTTL 
this clock. 
Management Data Input/Output is a bidirectional signal between the 5V tolerant 
EMCMDIO[PHYMDIO] _|Ethernet controller and the PHY. It is used to transfer control and 0 1 
. : 3.3V LVTTL 
status information. 
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Signal Functional Description (Sheet 3 of 8) 
Multiplexed signals are shown in brackets following the first signal name assigned to each multiplexed ball. 


Notes: 
1. Receiver input has hysteresis. 
2. Must pull up. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
3. Must pull down. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
4. lf not used, must pull up. 
5. If not used, must pull down. 
6. Strapping input during reset; pull up or pull down as required. 
7. Pull-up may be required. See “External Bus Control Signals” on page 29. 
Signal Name Description He) Type Notes 
SDRAM Interface 
Memory data bus. 
Notes: 
MemD: 31 i ool : | .38V LVTTL 
emmated3 1. MemData0 is the most significant bit (msb). iO 3 
2. MemData31 is the least significant bit (Isb). 
Memory address bus. 
Notes: 
: 38V LVTTL 
Nemes 1. MemAddr12 is the most significant bit (msb). OF jl sere 
2. MemAddr0 is the least significant bit (Isb). 
BA1:0 Bank Address supporting up to 4 internal banks. O 3.3V LVTTL 
RAS Row Address Strobe. O 3.3V LVTTL 
CAS Column Address Strobe. oO 3.3V LVTTL 
DQM for byte lane: 0 (MemData0:7), 
‘ 1 (MemData8:15), 
Ramos 2 (MemData16:23), and oY || aeeY EE 
3 (MemData24:31) 
DQMCB DQM for ECC check bits. O 3.3V LVTTL 
ECC0:7 ECC check bits 0:7. V/O 3.3V LVTTL 
BankSel0:3 Select up to four external SDRAM banks. oO 3.3V LVTTL 
WE Write Enable. O 3.3V LVTTL 
ClkEn0:1 SDRAM Clock Enable. O 3.3V LVTTL 
Two copies of an SDRAM clock allows, in some cases, glueless 
MemClkOut0:1 SDRAM attach without requiring this signal to be repowered by a PLL oO 3.3V LVTTL 
or zero-delay buffer. 
External Slave Peripheral Interface 
Peripheral data bus used by PPC405GPr when not in external 5V tol t 
PerData0:31 master mode, otherwise used by external master. ie) 3 Be neal 1 
Note: PerData0 is the most significant bit (msb) on this bus. x 
Peripheral address bus used by PPC405GPr when not in external 5V tol 
PerAddr0:31 master mode, otherwise used by external master. Me) : Naa 1 
Note: PerAddr0 is the most significant bit (msb) on this bus. , 
. F She a 5V tolerant 
PerPar0:3 Peripheral byte parity signals. /0 3.3V LVTTL 1 
As outputs, these pins can act as byte-enables which are valid for an 
entire cycle or as write-byte-enables which are valid for each byte on 
PerwWBEO:3 each data transfer, allowing partial word transactions. As outputs, Me) 5V tolerant 17 
: pins are used by either the pripheral controller or the DMA controller 3.3V LVTTL : 
depending upon the type of transfer involved. Used as inputs when 
an external bus master owns the external interface. 
Peripheral write enable. Low when any of the four PerWBE0:3 write 
pos et Rees byte enables are low. 5V tolerant 
[PerWE]PCIINT 6r oO 3.3V PCI 
PCI interrupt. Open-drain output (two states; 0 or open circuit) 
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Signal Functional Description (Sheet 4 of 8) 
Multiplexed signals are shown in brackets following the first signal name assigned to each multiplexed ball. 


Notes: 
1. Receiver input has hysteresis. 
2. Must pull up. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
3. Must pull down. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
4. lf not used, must pull up. 
5. If not used, must pull down. 
6. Strapping input during reset; pull up or pull down as required. 
7. Pull-up may be required. See “External Bus Control Signals” on page 29. 
Signal Name Description V0 Type Notes 
a , : 5V tolerant 
PerCSO Peripheral chip select bank 0. oO 3.3V LVTTL 7 
Seven additional peripheral chip selects 
oe et or 5V tolerant 
PerCS1:7[GP1O10:16 O[V/O 1,7 
! General Purpose I/O. To access this function, software must toggle a WO!) 3.3v LVTTL 
DCR bit. 
Used by either the peripheral controller or the DMA controller 5V tolerant 
PerOE depending upon the type of transfer involved. When the PPC405GPr Oo 3.3V LVTTL 7 
is the bus master, it enables the selected device to drive the bus. : 
Used by the PPC405GPr when not in external master mode, as 
output by either the peripheral controller or DMA controller depending 
PerR/W upon the type of transfer involved. High indicates a read from V0 5V tolerant 1 
e memory, low indicates a write to memory. 3.3V LVTTL 
Otherwise it used by the external master as an input to indicate the 
direction of data transfer. 
2 ance ahs 5V tolerant 
PerReady Used by a peripheral slave to indicate it is ready to transfer data. 3.3V LVTTL 1 
Used by the PPC405GPr when not in external master mode, 5V tolerant 
PerBLast otherwise used by external master. Indicates the last transfer of a V0 3.3V LVTTL 1,7 
memory access. : 
: DMAReq0:3 are used by slave peripherals to indicate they are 5V tolerant 
pManega’ prepared to transfer data. 3.3V LVTTL t 
: DMAAckO:3 are used by the PPC405GPr to cause the DMA 5V tolerant 
BM CKOS peripheral to transfer data. o 3.3V LVTTL e 
‘ ‘ : 5V tolerant 
EOT0:3/TC0:3 End Of Transfer/Terminal Count. V/O 3.3V LVTTL 1 
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Signal Functional Description (Sheet 5 of 8) 
Multiplexed signals are shown in brackets following the first signal name assigned to each multiplexed ball. 
Notes: 


1. Receiver input has hysteresis. 
2. Must pull up. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
3. Must pull down. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
4. lf not used, must pull up. 
5. If not used, must pull down. 
6. Strapping input during reset; pull up or pull down as required. 
7. Pull-up may be required. See “External Bus Control Signals” on page 29. 
Signal Name Description Ie) Type Notes 
External Master Peripheral Interface 
PerClk Peripheral clock to be used by an external master and by O 5V tolerant 
synchronous peripheral slaves. 3.3V LVTTL 
BxiReset Peripheral reset to be used by an external master and by O 5V tolerant 
synchronous peripheral slaves. 3.3V LVTTL 
HoldRe Hold Request, used by an external master to request ownership of 5V tolerant 15 
q the peripheral bus. 3.3V LVTTL : 
HoldAck Hold Acknowledge, used by the PPC405GPr to transfer ownership of O 5V tolerant 6 
peripheral bus to an external master. 3.3V LVTTL 
se ExtReq is used by an external master to indicate it is prepared to 5V tolerant 
ExtReq 
transfer data. 3.3V LVTTL 
ExtAck ExtAck is used by the PPC405GPr to indicate a data transfer cycle. O : Se ETE 6 
HoldPri Used by an external master to indicate the priority of a given external 5V tolerant 1 
master tenure. 3.3V LVTTL 
Used when the PPC405GPr needs to regain control of peripheral 5V tolerant 
BusReq ; O 
interface from an external master. 3.3V LVTTL 
PerErr An input used to indicate to the PPC405GPr that an external slave 5V tolerant 15 
peripheral error occurred. 3.3V LVTTL . 
Internal Peripheral Interface 
Serial Clock used to provide an alternate clock to the internally 
UARTSerClk generated serial clock. Used in cases where the allowable internally 5V tolerant 1 
generated baud rates are not satisfactory. This input can be 3.3V LVTTL 
individually connected to either UART. 
: 5V tolerant 
UARTO_Rx UARTO Serial Data In. 3.3V LVTTL 1 
: 5V tolerant 
UARTO_Tx UARTO Serial Data Out. oO 3.3V LVTTL 6 
EE See ae . 5V tolerant 
UARTO_DCD UARTO Data Carrier Detect. 3.3V LVTTL 1 
pe ees 5V tolerant 
UARTO_DSR UARTO Data Set Ready. 3.3V LVTTL 1 
castes. 5V tolerant 
UARTO_CTS UARTO Clear To Send. 3.3V LVTTL 1 
bere Ce : 5V tolerant 
UARTO_DTR UARTO Data Terminal Ready. O 3.3V LVTTL 6 
Serer 5V tolerant 
UARTO_RTS UARTO Request To Send. O 3.3V LVTTL 6 
ee . : 5V tolerant 
UARTO_RI UARTO Ring Indicator. 3.3V LVTTIL 1 
: 5V tolerant 
UART1_Rx UART1 Serial Data In. 3.3V LVTTL 1 
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Signal Functional Description (Sheet 6 of 8) 
Multiplexed signals are shown in brackets following the first signal name assigned to each multiplexed ball. 
Notes: 


1. Receiver input has hysteresis. 
2. Must pull up. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
3. Must pull down. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
4. lf not used, must pull up. 
5. If not used, must pull down. 
6. Strapping input during reset; pull up or pull down as required. 
7. Pull-up may be required. See “External Bus Control Signals” on page 29. 
Signal Name Description He) Type Notes 
‘ 5V tolerant 
UART1_Tx UART1 Serial Data Out. oO 3. 3V LVTTL 6 
UART1 Data Set Ready 
UART1_DSR/ or 5V tolerant 1 
UART1_CTS UART1 Clear To Send. To access this function, software must toggle 3.3V LVTTL 
a DCR bit. 
UART1 Request To Send 
UART1_RTS/ or O 5V tolerant 6 
UART1_DTR UART1 Data Terminal Ready. To access this function, software must 3.3V LVTTL 
toggle a DCR bit. 
: 5V tolerant 
IICSCL IIC Serial Clock. VO 3.3V LVTTL 1,2 
IICSDA lIC Serial Data Hs Iles erat 1,2 
: 3.3V LVTTL : 
Interrupts Interface 
Interrupt requests 
or 5V tolerant 
IRQ0:6[GPIO17:23 I[/O 1 
! General Purpose I/O. To access this function, software must toggle a WO! | 3.3v LVTTL 
DCR bit. 
JTAG Interface 
: 5V tolerant 
TDI Test data in. 3.3V LVTTL 1,4 
5V tolerant 
TMS JTAG test mode select. 3.3V LVTTL 1,4 
5V tolerant 
TDO Test data out. O 3.3V LVTTL 
TCK JTAG test clock. The frequency of this input can range from DC to 5V tolerant 14 
25MHz. 3.3V LVTTL ; 
TRST JTAG reset. TRST must be low at power-on to initialize the JTAG 5V tolerant 5 
controller and for normal operation of the PPC405GPr. 3.3V LVTTL 
System Interface 
F : 5V tolerant 
SysClk Main system clock input. 3.3V LVTTL 
Main system reset. External logic can drive this bidirectional pin low 
SysReset (minimum of 16 cycles) to initiate a system reset. A system reset can Me) 5V tolerant 1.2 
y also be initiated by software. Implemented as an open-drain output 3.3V LVTTL : 
(two states; 0 or open circuit). 
AVpp Clean voltage input for the PLL. | 
AGND Clean Ground input for the PLL. | 
; : 5V tolerant 
SysErr Set to 1 when a Machine Check is generated. Oo 3.3V LVTTL 
eae 5V tolerant 
Halt Halt from external debugger. 3.3V LVTTL 1,2 
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Signal Functional Description (Sheet 7 of 8) 
Multiplexed signals are shown in brackets following the first signal name assigned to each multiplexed ball. 


Notes: 
1. Receiver input has hysteresis. 
2. Must pull up. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
3. Must pull down. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
4. lf not used, must pull up. 
5. If not used, must pull down. 
6. Strapping input during reset; pull up or pull down as required. 
7. Pull-up may be required. See “External Bus Control Signals” on page 29. 
Signal Name Description Hie) Type Notes 
General Purpose I/O 
GPIO1[TS1E] or Vo[O] 5V tolerant 1.6 
GPIO2[TS2E] Even Trace execution status. To access this function, software must 3.3V LVTTL : 
toggle a DCR bit. 
General Purpose I/O 
or 5V tolerant 
GPIO3[TS10 V/O[O 1,6 
! Odd Trace execution status. To access this function, software must [Ol | 3.3v LvTTL 
toggle a DCR bit. 
General Purpose I/O 
or 5V tolerant 
GPIO4[TS20 V/O[O 1,6 
! Odd Trace execution status. To access this function, software must [Ol | 3.3v LVTTL 
toggle a DCR bit. 
General Purpose I/O 
or 5V tolerant 
GPIO5:8[TS3:6 V/O[O 1,6 
! Trace status. To access this function, software must toggle a DCR [Ol | 3.3v LVTTL 
bit. 
General Purpose I/O 
or 
Trace interface clock. A toggling signal that is always half of the CPU SV tolerant 
PIO9[TrcClk | 1 
STN core frequency. To access this function, software must toggle a DCR iO) 3.3V LVTTL 6 
bit. 
Note: Initialization strapping must hold this pin low (0) during reset. 
General Purpose I/O. 
.3V LVTTL 
GPIO24 Note: The pull-up initialization strapping resistor must be 1kQ rather | V/O are 1,6 
than 3kQ in order to overcome the internal pull-down resistor. 
TestEn Test Enable. Used only for manufacturing tests. Pull down for normal 1.8V CMOS 
operation. w/pull-down 
TmrClk An external clock input that can be used to clock the timers in the 5V tolerant 1 
CPU core. 3.3V LVTTL 
Trace Interface 
Even Trace execution status. To access this function, software must 
[TS1E]GPIO1 toggle a DCR bit Olio] 5V tolerant 116 
[TS2E]GPIO2 or 3.3V LVTTL i 
General Purpose I/O. 
Odd Trace execution status. To access this function, software must 
toggle a DCR bit 5V tolerant 
[TS1O]GPIO3 6r O[l/O] 3.3V LVTTL 1,6 
General Purpose I/O. 
Odd Trace execution status. To access this function, software must 
toggle a DCR bit 5V tolerant 
[TS20]GPI04 : CWO] | 3.3v LVTTL "se 
General Purpose I/O. 
Trace status. To access this function, software must toggle a DCR bit BV tol 
[TS3:6]GPIO5:8 or ovo} | So: 1,6 
General Purpose I/O. : 
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Signal Functional Description (Sheet 8 of 8) 

Multiplexed signals are shown in brackets following the first signal name assigned to each multiplexed ball. 
Notes: 

. Receiver input has hysteresis. 

. Must pull up. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 

. Must pull down. See “Pull-Up and Pull-Down Resistors” on page 29 for recommended termination values. 
. If not used, must pull up. 

. If not used, must pull down. 

. Strapping input during reset; pull up or pull down as required. 

. Pull-up may be required. See “External Bus Control Signals” on page 29. 


NOOR WOD — 


Signal Name Description Ke) Type Notes 


Trace interface clock. A toggling signal that is always half of the CPU 
core frequency. To access this function, software must toggle a DCR 
bit 

or 

General Purpose I/O. 

Note: Initialization strapping must hold this pin low (0) during reset. 


[TrcClk]GPIO9 Q[/O] 5V tolerant 


3.3V LVTTL 


Ground pins 


Ground 
GND Note: L11-L16, M11-M16, N11-N16, P11-P16, R11-R16, and 
T11-T16 are also thermal balls. 
OVpp pins 
OVpp Output driver voltage—3.3V. 
Vpp pins 
Vpp Logic voltage—1.8V. 
Other pins 
Reserved—Except for AF4, do not connect signals, voltage, or 
Reserved 


ground to these pins. AF4 must be tied to OVpp or GND. 
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Absolute Maximum Ratings 


The absolute maximum ratings below are stress ratings only. Operation at or beyond these maximum ratings can cause 


permanent damage to the device 


Characteristic Symbol Value Unit 
Supply Voltage (Internal Logic) Vpp 0 to +1.95 Vv 
Supply Voltage (I/O Interface) OVpp 0 to +3.6 Vv 
PLL Supply Voltage AVpp 0 to +1.95 Vv 
Input Voltage (1.8V CMOS receivers) Vin -0.6 to Vpp + 0.45 Vv 
Input Voltage (3.3V LVTTL receivers) Vin -0.6 to OVpp + 0.6 Vv 
Input Voltage (5.0V LVTTL receivers) Vin -0.6 to OVpp + 2.4 Vv 
Storage Temperature Range Tstg -55 to +150 °C 
Case temperature under bias To -40 to +120 °C 


Notes: 


1. All specified voltages are with respect to GND. 
2. Empirical data indicates that all chip voltages should begin to ramp-up within 1 ms of each other. There should never be voltage present 
at the I/O pins before OVpp is within operating range. 


Package Thermal Specifications 


The PPC405GPr is designed to operate within a case temperature range of -40°C to +85°C°. Thermal resistance values for the 
E-PBGA packages (leaded and lead-free) in a convection environment are as follows: 


Package—Thermal Resistance Symbol ftimin (mm/sec) Unit 
0 (0) 100 (0.51) 200 (1.02) 

35mm, 456-balls—Junction-to-Case Bjc 2 2 2 °C/W 

35mm, 456-balls—Case-to-Ambient! Oca 14 13 12 °C/W 

27mm, 456-balls—Junction-to-Case Byc 2 2 2 °C/W 

27mm, 456-balls—Case-to-Ambient! Oca 18 16 15 °C/W 


Notes: 
1. For a chip mounted on a JEDEC 2S2P card without a heat sink. 
2. For achip mounted on a card with at least one signal and two power planes, the following relationships exist: 
a. Case temperature, Tc, is measured at top center of case surface with device soldered to circuit board. 
b. Ta = Tc —PxO ca, where Ta is ambient temperature and P is power consumption. 
C. Tomax = Tymax — PXOjc¢, where Tyo, is maximum junction temperature and P is power consumption. 
3. 333MHz operated at 266MHz or less can operate at +105°C. 
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Recommended DC Operating Conditions 
Device operation beyond the conditions specified is not recommended. Extended operation beyond the recommended 
conditions can affect device reliability. 


Notes: 


1. PCI drivers meet PCI specifications. 


2. See “5V-Tolerant Input Current” on page 40. 
3. 333MHz operated at 266 MHz or less can operate at +105°C. 


Parameter 


Symbol Minimum Typical Maximum Unit Notes 
Logic Supply Voltage (266 &333MHz) Vpp 1.7 1.8 1.9 Vv 
Logic Supply Voltage (400MHz) Vpp 1.8 1.85 1.9 Vv 
1/O Supply Voltage OVpp 3.0 3.3 3.6 Vv 
PLL Supply Voltage AVpp 1.7 1.8 1.9 Vv 
Input Logic High (1.8V CMOS 
receivers) Vin 0-68¥'ob Yop ” 
Input Logic High (3.3V LVTTL 
receivers) ViH 2.0 OVpp is 
Input Logic High (5.0V LVTTL 
receivers) ViH 2.0 5.0 sf 
Input Logic Low (1.8V CMOS receivers) ViL 0 0.65Vpp V 
Input Logic Low (3.3/5.0V LVTTL 
receivers) “i 0 0.8 ¥ 
Output Logic High Vou 2.4 OVpp V 
Output Logic Low VoL 0 0.4 Vv 
3.3V I/O Input Current (no pull-up or 
pull-down) hu 10 HA 
Input Current (with internal pull-down) lite +10 (@ OV) 200 (@ Vpp) LA 
5V Tolerant I/O Input Current lita +10 -325 LA 2 
Input Max Allowable Overshoot (1.8V 
CMOS receivers) Vimao1. won 29-0 , 
Input Max Allowable Overshoot (3.3V 
LVTTL receivers) Vimaos ONop sae - 
Input Max Allowable Overshoot (5.0V 
LVTTL receivers) Vimaos a v 
Input Max Allowable Undershoot Vimau -0.6 Vv 
Output Max Allowable Overshoot Vomao OVpp + 0.3 V 
Output Max Allowable Undershoot Vomau3 -0.6 Vv 
Case Temperature Tc -40 +85 °C 3 
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5V-Tolerant Input Current 


50 


-150 


-200 


Input Current (LA) 


-250 
-300 
-350 
0.0 1.0 2.0 3.0 4.0 5.0 
Input Voltage (V) 
Input Capacitance 
Parameter Symbol Maximum Unit Notes 
3.3V LVTTL VO Cint 8.8 pF 
5V tolerant LVTTL I/O Cine 8 pF 
PCI I/O Cing 9.3 pF 
Rx only pins Cina 4.5 pF 
40 
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DC Electrical Characteristics 


Parameter Symbol Typical Maximum Unit 
Active Operating Current (Vpp)—266 MHz lop 300 610 mA 
Active Operating Current (Vpp)—333 MHz lbp 325 690 mA 
Active Operating Current (Vpp)-400 MHz lbp 355 770 mA 
Active Operating Current (OVpp) lopp 45 200 mA 
PLL Vpp Input current IPL 16 23 mA 
Active Operating Power—266 MHz Pop 0.72 1.92 Ww 
Active Operating Power—333 MHz Pop 0.76 2.07 Ww 
Active Operating Power—400 MHz Pop 0.82 2.23 W 


Note: 


1. The maximum current and power values listed above are not guaranteed to be the highest obtainable. These values are dependent on 
many factors including the type of applications running, clock rates, use of internal functional capabilities, external interface usage, case 
temperature, and the power supply voltages. Your specific application can produce significantly different results. Vpp (logic) current and 
power are primarily dependent on the applications running and the use of internal chip functions (DMA, PCI, Ethernet, and so on). OVpp 
(I/O) current and power are primarily dependent on the capacitive loading, frequency, and utilization of the external buses. The following 
information provides details about the conditions under which the listed values were obtained: 

a. In general, the values were measured using a PPC405GPr Evaluation Board with four PCI devices, an external bus master on the 


peripheral bus, and external wrap-back on the Ethernet port. For all CPU clock rates, PLB = 133.3MHz, OPB = PerClk = 66.6MHz, 
PCI = SysClk = 33.3MHz. 

b. Typical current and power are characterized at Vpp = +1.8V, OVpp = +3.3V, and Tc = +36°C while running various applications 
under the Linux operating system. 

c. Maximum current and power are characterized at Vpp = +1.9V, OVpp = +3.6V, and Tg = +85°C while running applications designed 


to maximize CPU power consumption. An external PCI master heavily loads the PCI bus with transfers targeting SDRAM while the 
internal DMA controller further increases SDRAM bus traffic. 
2. AVpp should be derived from Vpp using the following circuit: 


L1—2.2\1H SMT inductor (equivalent to MuRata 
LQH3C2R2M34) or SMT chip ferrite bead (equivalent 


1 + to MuRata BLM31A700S) 


Te C2 ic: C1 —3.3 LF SMT tantalum 
O AGND C2—0.1 uF SMT monolithic ceramic capacitor with X7R 
GND 


dielectric or equivalent 


C3 —0.01 UF SMT monolithic ceramic capacitor with X7R 
dielectric or equivalent 
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Clock timing and switching characteristics are specified in accordance with 
Output o———_, 
operating conditions shown in the table “Recommended DC Operating Bi 
Conditions.” For all signals other than PCI signals, AC specifications are =. | 20PF 
i = = ° : All signals other vam 
characterized at OVpp = +3V and Tc = +85°C with the 50pF test load than PCI 
shown in the figure at right. a 
For PCI signals there are two different test load circuits, one for the rising Guinn 7 
edge and one the falling edge as shown in the figures at right. Pin 
- 10pF 250 
PCI Rising edge —— 
Output © e—\W— OVpp 
Pin 250, 
PCI Falling edge —~ 
10pF 
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Clocking Specifications 


Symbol Parameter Min Max Units 
CPU 
PFo Processor clock frequency 266.66/333.33/400 MHz 
PTc Processor clock period 3.75/3/2.5 ns 
SysClk Input 
SCFc Clock input frequency 25 66.66 MHz 
SCT¢ Clock period 15 40 ns 
SCTes Clock edge stability (phase jitter, cycle to cycle) +0.15 ns 
SCTcH Clock input high time 40% of nominal period 60% of nominal period ns 
SCToL Clock input low time 40% of nominal period 60% of nominal period ns 
Note: Input slew rate > 1V/ns between 0.8V and 2.0V 
MemClkOut Output 
MCOFc¢ Clock output frequency @ PFc = 266MHz 133.33 MHz 
MCOTo. Clock period @ PFg = 266MHz 7.5 ns 
MCOTc¢g Clock edge stability (phase jitter, cycle to cycle) +0.2 ns 
MCOT cy Clock output high time 45% of nominal period 55% of nominal period ns 
MCOTo. Clock output low time 45% of nominal period 55% of nominal period ns 
TrcClk Output 
TCFo Clock output frequency PFc/2 MHz 
TCT¢ Clock period PTcx2 ns 
TCT¢g Clock edge stability (phase jitter, cycle to cycle) +0.2 ns 
TCT cy Clock output high time 45% of nominal period 55% of nominal period ns 
TCToL Clock output low time 45% of nominal period 55% of nominal period ns 
Other Clocks 
VCOFc¢ VCO frequency 500 1000 MHz 
VCOFc VCO frequency @ PFg = 333MHz or 400 MHz 500 1333 MHz 
PLBFo PLB frequency 133.33 MHz 
OPBFo OPB frequency 66.66 MHz 


Clocking Waveform 
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Spread Spectrum Clocking 


Care must be taken when using a spread spectrum clock generator (SSCG) with the PPC405GPr. This controller 
uses a PLL for clock generation inside the chip. The accuracy with which the PLL follows the SSCG is referred to 
as tracking skew. The PLL bandwidth and phase angle determine how much tracking skew there is between the 
SSCG and the PLL for a given frequency deviation and modulation frequency. When using an SSCG with the 
PPC405GPr the following conditions must be met: 


¢ The frequency deviation must not violate the minimum clock cycle time. Therefore, when operating the 
PPC405GPr with one or more internal clocks at their maximum supported frequency, the SSCG can only lower 
the frequency. 


¢ The maximum frequency deviation cannot exceed —3%, and the modulation frequency cannot exceed 40kHz. 
In some cases, on-board PPC405GPr peripherals impose more stringent requirements (see Note 1). 


¢ Use the peripheral bus clock (PerClk) for logic that is synchronous to the peripheral bus since this clock tracks 
the modulation. 


« Use the SDRAM MemClkOut since it also tracks the modulation. 
Notes: 


1. The serial port baud rates are synchronous to the modulated clock. The serial port has a tolerance of 
approximately 1.5% on baud rate before framing errors begin to occur. The 1.5% tolerance assumes that the 
connected device is running at precise baud rates. If an external serial clock is used the baud rate is unaffected 
by the modulation. 


2. Operation of the PPC405GPr PCI Bridge is unaffected by the use of a SSCG. 


For PCI frequencies of 33.33 MHz and below the PCI controller supports synchronous mode operation. This is 
accomplished by strapping the PPC405GPr for synchronous mode PCI and connecting the PCI bus clock to the 
PPC405GPr SysClk input. For 33.33 MHz signalling, the PCI specification has no limitation on the amount of 
frequency deviation or modulation that may be applied to the PCI clock. Therefore, the PPC405GPr SSCG 
requirements stated above take precedence. 


At PCI frequencies above 33.33 MHz, the PCI controller must be operated in asynchronous mode. When in 
asynchronous mode, the PCI bus clock must be driven into the PPC405GPr PCIClk input. In this configuration 
the PCI controller supports the 66.66 MHz PCI clock specification which specifies a maximum frequency 
deviation of -1% at a modulation of between 30 kHz and 33 kHz. 


3. Ethernet operation is unaffected. 
4. IIC operation is unaffected. 


Caution: It is up to the system designer to ensure that any SSCG used with the PPC405GPr meets the above 
requirements and does not adversely affect other aspects of the system. 
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Peripheral Interface Clock Timings 


Parameter Min Max Units 
PCICIk input frequency (asynchronous mode) Note 1 66.66 MHz 
PCIClk period (asynchronous mode) 15 Note 1 ns 
PCI Clock frequency (synchronous mode) 25 33.33 MHz 
PCI Clock period (synchronous mode - Note 2) 30 40 ns 
PCIClk input high time 40% of nominal period 60% of nominal period ns 
PCICIk input low time 40% of nominal period 60% of nominal period ns 
EMCMDCIk output frequency - 2.5 MHz 
EMCMDCIk period 400 a ns 
EMCMDCIk output high time 160 = ns 
EMCMDCIk output low time 160 7 ns 
PHYTxClk input frequency 2.5 25 MHz 
PHYTxClk period 40 400 ns 
PHYTxClk input high time 35% of nominal period - ns 
PHYTxClk input low time 35% of nominal period - ns 
PHYRxClk input frequency 2.5 25 MHz 
PHYRxClk period 40 400 ns 
PHYRxClk input high time 35% of nominal period a ns 
PHYRxClk input low time 35% of nominal period = ns 
PerClk output frequency - 66.66 MHz 
PerClk period 15 - ns 
PerClk output high time 45% of nominal period 55% of nominal period ns 
PerClk output low time 45% of nominal period 55% of nominal period ns 
PerClk clock edge stability (phase jitter, cycle to cycle) +0.3 ns 
UARTSerClk input frequency (Note 3) - 1000/(2Topg+2ns) MHz 
UARTSerClk period 2Toppt2 - ns 
UARTSerClk input high time Tops*1 - ns 
UARTSerClk input low time Toppt1 - ns 
TmrClk input frequency = 66.66 MHz 
TmrClk period 15 - ns 
TmrClk input high time 40% of nominal period 60% of nominal period ns 
TmrClk input low time 40% of nominal period 60% of nominal period ns 


Note: 


1. In asynchronous PCI mode the minimum PCICIk frequency is 1/8 the PLB Clock. Refer to the PowerPC 405GPr Embedded Processor 


User’s Manual for more information. 


2. In synchronous PCI mode the PCI clock is derived from SysClk and the PCICIk input pin is unused. 


3. Tops is the period in ns of the OPB clock. The maximum OPB clock frequency is 66.66MHz. 
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Input Setup and Hold Waveform 


Clock 


Inputs 


Clock 


Tov max I Tov max 


Outputs Tox min 
| 

High (Drive) - - + --- 

Float (High-Z) 


Low (Drive) --+--- 
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Notes: 1. In all of the following I/O Specifications tables a timing values of “na” means “not applicable” and “dc” 
means “don’t care.” 
2. See “Test Conditions” on page 42 for output capacitive loading. 


/O Specifications—Group 1 (Sheet 1 of 3) 

Notes: 

1. PCI timings are for operation up to 66.66MHz. PCI output hold time requirement is 1 ns for 66.66 MHz and 2ns for 33.33 MHz. 
In synchronous mode, timing is relative to SysClk. In asynchronous mode, timing is relative to PCICIk. 

2. Ethernet interface meets timing requirements as defined by IEEE 802.3 standard. 

3. For PCI, I/O H is specified at 0.9OVpp and I/O L is specified at 0.1OVpp. For all other interfaces, I/O H is specified at 2.4 V 
and I/O L is specified at 0.4 V. 


Input (ns) Output (ns) Output Current (mA) 
Signal Setup Time | Hold Time | Valid Delay Hold Time VOH VOL Clock Notes 
(Tig min) (Ti min) (Toy max) (Tox min) (min) (min) 
PCI Interface 
PCIAD31:0 3 0 6 1 0.5 1.5 PCI Clock 1 
PCIC3:0[BE3:0] 3 0 6 1 0.5 1.5 PCI Clock 1 
PCICIk de de na na na na async 
PCIDevSel 3 0 6 1 0.5 1.5 PCI Clock 1 
PCIFrame 3 0 6 1 0.5 1.5 PCI Clock 1 
Bene na na na na 0.5 1.5 PCI Clock 1 
PCIIDSel 3 0 6 1 na na PCI Clock 1 
PCIINT[PerWE] na na de de 0.5 1.5 PCI Clock async 
PCIIRDY 3 0 6 1 0.5 1.5 PCI Clock 1 
PCIParity 3 0 6 1 0.5 1.5 PCI Clock 1 
PCIPErr 3 ) 6 1 0.5 1.5 PCI Clock 1 
eeineate 5 0 na na na na PCI Clock 1 
PCiReset na na na na 0.5 1.5 PCI Clock 
PCISErr na na na na 0.5 1.5 PCI Clock 
PCIStop 3 0 6 1 0.5 1.5 PCI Clock 1 
PCITRDY 3 0 6 1 0.5 1.5 PCI Clock 1 
Ethernet Interface 
EMCMDCIk na na settable 2 10.3 7.1 2, async 
1 OPB clock | 1 OPB clock 

EMCMDIO[PHYMDIO] 100 0 safe ‘ aon ae a 10.3 7A EMCMDCIk 2 
EMCTxD3:0 na na 20 2 10.3 7A PHYTX 2 
EMCTxEn na na 20 2 10.3 7.1 PHYTX 2 
EMCTxErr na na 20 2 10.3 7A PHYTX 2 
PHYCol 10.3 7A 2, async 
PHYCrS 10.3 7A 2, async 
PHYRxClk na na 2, async 
PHYRxD3:0 4 1 na na 10.3 7.1 PHYRX 2 
PHYRxDV 4 1 na na 10.3 7.1 PHYRX 2 
PHYRxErr 4 1 na na 10.3 TA PHYRX 2 
PHYTxClk na na 2, async 
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Notes: 

1. PCl timings are for operation up to 66.66MHz. PCI output hold time requirement is 1 ns for 66.66 MHz and 2ns for 33.33 MHz. 
In synchronous mode, timing is relative to SysClk. In asynchronous mode, timing is relative to PCICIk. 

2. Ethernet interface meets timing requirements as defined by IEEE 802.3 standard. 

3. For PCl, I/O H is specified at 0.9OVpp and I/O L is specified at 0.1OVpp. For all other interfaces, I/O H is specified at 2.4 V 
and I/O L is specified at 0.4 V. 


Input (ns) Output (ns) Output Current (mA) 
Signal Setup Time | Hold Time | Valid Delay Hold Time VOH VOL Clock Notes 
(Tig min) (Ti min) (Toy max) (Tox min) (min) (min) 

Internal Peripheral Interface 
IICSCL na na na na 15.3 10.2 
IICSDA na na na na 15.3 10.2 
UARTO_CTS na na 10.3 7.1 
UARTO_DCD na na 10.3 7.1 
UARTO_DSR na na 10.3 7.1 
UARTO_DTR 10.3 7A 
UARTO_RI na na 10.3 7.1 
UARTO_RTS na na 10.3 7.1 
UARTO_Rx na na 10.3 LA 
UARTO_Tx na na 10.3 7.1 
eae na na 10.3 7.1 
UART1_DSR/ 
UARTICTS na na na na 
UART1_Rx na na na na 
UART1_Tx na na 10.3 7.1 
UARTSerClk na na na na 
Interrupts Interface 
IRQO:6[GPIO1 7:23] 10.3 TA 
JTAG Interface 
TCK na na async 
TDI na na async 
TDO 10.3 7A async 
TMS na na async 
TRST na na async 
System Interface 
GPIO1 
GPIO2 
GPIO3 
GPIO4 
ae os | 7A 
GPIO7 
GPIO8 
GPIO9 
GPIO24 
Halt dc dc na na na na async 
SysClk na na na na 
SysErr na na 10.3 7.1 async 
SysReset 10 1 10.3 7A async 
TestEn dc de na na na na async 
TmrClk dc dc na na na na async 
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/O Specifications—Group 1 (Sheet 3 of 3) 

Notes: 

1. PCl timings are for operation up to 66.66 MHz. PCI output hold time requirement is 1 ns for 66.66 MHz and 2ns for 33.33 MHz. 
In synchronous mode, timing is relative to SysClk. In asynchronous mode, timing is relative to PCICIk. 

2. Ethernet interface meets timing requirements as defined by IEEE 802.3 standard. 

3. For PCl, I/O H is specified at 0.9OVpp and I/O L is specified at 0.1OVpp. For all other interfaces, I/O H is specified at 2.4 V 
and I/O L is specified at 0.4 V. 


Signal 


Input (ns) 


Output (ns) 


Output Current (mA) 


Setup Time 
(Tis min) 


Hold Time 
(Ti min) 


Valid Delay 
(Toy max) 


Hold Time 
(Tox min) 


VOH 


VOL 


Clock 


Notes 


(min) (min) 
Trace 
[TS1E] 
[TS2E] 
E26 {0pF load 
[TS3] na na PT¢/2+0.7 PT(/2-0.5 10.3 7A TreClk on 
[TS4] clk/data 
[TS5] 
[TS6] 
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/O Specifications—Group 2 


Notes: 


1. The SDRAM command interface is configurable through SDRAMO_TR[LDF] to provide a 2 to 4 cycle delay before the 
command is used by SDRAM. 

2. SDRAM I/O timings are specified relative to a MemClkOut terminated into a lumped 10pF load. 

3. SDRAM interface hold times are guaranteed at the PPC405GPr package pin. System designers must use the PPC405GPr 
IBIS model (available from www.amcc.com) to ensure their clock distribution topology minimizes loading and reflections, 


and that the relative delays on clock wiring do not exceed the delays on other SDRAM signal wiring. 


4. PerClk timing is specified with a 10pF load at the package pin. The indicated timing is valid only if PerClk feedback is 
selected. Refer to the PowerPC 405GPr Embedded Processor User’s Manual for more information. 
5. Input timings are specified at 1.5V, assuming transition times between 1 and 2ns, when measured between the 10% and 
90% points of the output voltage. 
6. I/O H is specified at 2.4 V and I/O L is specified at 0.4 V. 


Input (ns) Output (ns) Output Current (mA) 
Signal Setup Time | Hold Time | Valid Delay | Hold Time VOH VOL Clock Notes 
(Tig min) (Ty min) (Toy max) (Toy min) (minimum) | (minimum) 

SDRAM Interface 
BA1:0 na na 4.5 1.6 15.3 10.2 MemClkOut} 1, 2,5 
BankSel3:0 na na 45 1.5 15.3 10.2 MemClkOut) 2,5 
CAS na na 4.4 1.5 15.3 10.2 MemClkOut | 1, 2,5 
ClkEn0:1 na na 3.9 1.4 23 19.3 MemClkOut 2,5 
DQM0:3 na na 45 1.4 15.3 10.2 MemClkOut 2,5 
DQMCB na na 4.3 1.4 15.3 10.2 MemClkOut 2,5 
ECC0:7 1.4 0 4.5 1.5 15.3 10.2 MemClkOut 2,5 
MemAddr12:0 na na 4.6 1.5 15.3 10.2 MemClkOut| 1, 2,5 
MemData0:31 1.4 0 5s 1.4 15.3 10.2 MemClkOut 2,5 
RAS na na 4.4 1.5 15.3 10.2 MemClkOut | 1, 2,5 
WE na na 4.4 1:5 15.3 10.2 MemClkOut} 1, 2,5 
External Slave Peripheral Interface 
DMAAck0:3 na na 6.1 2.2 10.3 7.1 PerClk 5 
DMAReq0:3 3.2 0 na na na na PerClk 5 
EOT0:3/TCO0:3 dc dc 6.4 2 10.3 7A PerClk 5 
PerAddr0:31 2.2 0 7.1 2 15.3 10.2 PerClk 5 
PerBLast 3.3 ft) 6.5 2.3 10.3 7.1 PerClk 5 
Pe CSTTIGPION0:I6] na na 6.5 21 10.3 74 PerClk 5 
PerData0:31 4.7 0.9 7.2 1.9 15.3 10.2 PerClk 5 
PerOE na na 6.5 2.1 10.3 7.1 PerClk 5 
PerPar0:3 2.3 0 7.2 2.1 15.3 10.2 PerClk 5 
PerR/W 3.3 0 6.6 2.1 10.3 7A PerClk 5 
PerReady 5.5 0 na na na na PerClk 5 
PerWBE0:3 2.3 0 6.1 2.2 10.3 7A PerClk 5 
External Master Peripheral Interface 
BusReq na na 6.1 2.2 10.3 7.1 PerClk 5 
ExtAck na na 5.9 2.1 10.3 7.1 PerClk 5 
ExtReq 41 0 na na na na PerClk 5 
ExtReset na na 6 1 15.3 10.2 PerClk 5 
HoldAck na na 6.1 2 10.3 GA PerClk 5 
HoldPri 2.1 0 na na na na PerClk 5 
HoldReq 3.1 0 na na na na PerClk 5 
PerClk na na 0.7 -0.5 15.3 10.2 SysClk 4,5 
PerErr 2.4 0 na na na na PerClk 5 
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Strapping 


When the SysReset input is driven low by an external device (system reset), the state of certain I/O pins is read to 
enable default initial conditions prior to PPC405GPr start-up. The actual capture instant is the nearest SysClk edge 
before the deassertion of reset. These pins must be strapped using external pull-up (logical 1) or pull-down 
(logical 0) resistors to select the desired default conditions. The recommended pull-up is 3kQ to +3.3V or 10kQ to 
+5V. The recommended pull-down is 1KQ to GND. These pins are use for strap functions only during reset. They 
are used for other signals during normal operation. The following tables list the strapping pins along with their 
functions and strapping options. The signal names assigned to the pins for normal operation follow the pin 
number. 


The PPC405GPr can be used as a replacement for the PPC405GP. When the PPC405GPr is used for this 
purpose, it should be strapped to operate in the PPC405GPr Legacy Mode. This option is selected by strapping 
ball D20 (GPIO24) low (0). If Legacy Mode is selected, the “PPC405GPr Legacy Mode Strapping Pin Assignments” 
table should be used to determine the strapping options. To operate the chip as a PPC405GPr, strap D20 
(GP1O24) high (1) and use “PPC405GPr New Mode Strapping Pin Assignments” on page 53 to determine the 
strapping options. 


PPC405GPr Legacy Mode Strapping Pin Assignments (Sheet 1 of 2) 


Function Option Ball Strapping 
PLL Tuning ' AF3 AF2 AD16 
EE a ee UARTO_Tx | UARTO_DTR | UARTO_RTS 
eee ama inne Choice 1; TUNE[9:0] = 1010111100 0 0 0 
sai Sates ahclene Choice 2; TUNE[9:0] = 0100111000 0 0 1 
Choice 3; TUNE[9:0] = 0100110110 0 1 0 
Choice 4; TUNE[9:0] = 0100111100 0 1 1 
Choice 5; TUNE[9:0] = 0100111000 1 0 0 
Choice 6; TUNE[9:0] = 1000111100 1 0 1 
Choice 7; TUNE[9:0] = 1000111110 1 1 0 
Choice 8; TUNE[9:0] = 1011111110 1 1 1 
PLL Forward Divider 2 Di6 ear 
DMAAckO DMAAck1 
Bypass mode 0 0 
Divide by 3 0 1 
Divide by 4 1 0 
Divide by 6 1 1 
PLL Feedback Divider 2 B14 C12 
DMAAck2 DMAAck3 
Divide by 1 0 0 
Divide by 2 0 1 
Divide by 3 1 0 
Divide by 4 1 1 
PLB Divider from CPU 2 P25 L24 
EMCTxD3 EMCTxD2 
Divide by 1 0 0 
Divide by 2 0 1 
Divide by 3 1 0 
Divide by 4 1 1 
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Function Option Ball Strapping 
OPB Divider from PLB 2 L25 J26 
EMCTxD1 EMCTxDO 
Divide by 1 0 0) 
Divide by 2 0 1 
Divide by 3 1 0 
Divide by 4 1 1 
PCI Divider from PLB ® 3 D18 C20 
GPIO1[TS1E] | GPIO2[TS2E] 
Divide by 1 ) 0) 
Divide by 2 0 1 
Divide by 3 1 0 
Divide by 4 i 1 
External Bus Divider from PLB 2 K25 K23 
EMCTxErr EMCTxEn 
Divide by 2 ) ) 
Divide by 3 ) 1 
Divide by 4 1 0 
Divide by 5 1 1 
pues nares CART ERTS) 
= UART1_DTR 
8-bit ROM 0 0) 
16-bit ROM 0 1 
32-bit ROM 1 0 
Reserved 1 1 
ROM Location U2 
HoldAck 
PPC405GPr Peripheral Attach 0 
PPC405GPr PCI Attach 1 
PCI Asynchronous Mode Enable _Y3 
ExtAck 
Synchronous PCI Mode 0 
Asynchronous Mode 1 
PCI Arbiter Enable ° AF18 
GPIO4[TS20] 
Internal Arbiter Disabled 0 
Internal Arbiter Enabled 1 


Note: 


1. The tune bits adjust parameters that control PLL jitter. The recommended values minimize jitter for the PLL implemented in the 
PPC405GPr. These bits are shown for information only; and do not require modification except in special clocking circumstances such as 
spread spectrum clocking. For details on the use of Spread Spectrum Clock Generators (SSCGs) with the PPC405GPr, visit the technical 
documents area of the AMCC PowerPC web site. 

2. Not all combinations of dividers produce valid operating configurations. Frequencies must be within the limits specified in “Clocking 
Specifications” on page 43. Further requirements are detailed in the Clocking chapter of the PowerPC 405GPr Embedded Processor 
User’s Manual. 

3. Additional consideration must be given to pins that normally function as Trace signals. Improved design margin can be gained by using 
three-state buffers instead of strapping resistors, and minimizing trace lengths and stubs. 
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PPC405GPr New Mode Strapping Pin Assignments (Sheet 1 of 3) 


Function Option Ball Strapping 
PLL Tuning AF3 AF2 AD16 
See the PowerPC 405GPr UARTO_Tx UARTO_DTR | UARTO_RTS 
Embedded Processor User's | Choice 1; TUNE[9:0] = 1010111100 0 0 0 
Manual for details. 
Choice 2; TUNE[9:0] = 0100111000 0 0 1 
Choice 3; TUNE[9:0] = 0100110110 0 1 0 
Choice 4; TUNE[9:0] = 0100111100 0 1 1 
Choice 5; TUNE[9:0] = 0100111000 1 0 0 
Choice 6; TUNE[9:0] = 1000111100 1 0 1 
Choice 7; TUNE[9:0] = 1000111110 1 1 0 
Choice 8; TUNE[9:0] = 1011111110 1 1 1 
PLL Forward Divider A 2 D16 B15 AC9 
DMAAckO DMAAck1 GPIO5[TS3] 
Divide by 8 0 0 0 
Divide by 7 0 0 1 
Divide by 6 0 1 0 
Divide by 5 0 1 1 
Divide by 4 1 0 0 
Divide by 3 1 0 1 
Divide by 2 1 1 0 
Divide by 1 1 1 1 
PLL Forward Divider B ? 25 ened AES 
EMCTxD3 EMCTxD2 GPIO6[TS4] 
Divide by 8 0 0 0 
Divide by 7 0 0 1 
Divide by 6 0 1 0 
Divide by 5 0 1 1 
Divide by 4 1 0 0 
Divide by 3 1 0 1 
Divide by 2 1 1 0 
Divide by 1 1 1 1 


AMCC 


53 


405GPr — Power PC 405GPr Embedded Processor 


Revision 2.04 —- September 7, 2007 
Data Sheet 


PPC405GPr New Mode Strapping Pin Assignments (Sheet 2 of 3) 


PPC405GPr PCI Attach 


{ 


Function Option Ball Strapping 
PLL Feedback Divider ®: $ B14 C12 AFS AC7 
DMAAck2 DMAAck3 GPIO7[TS5] | GPIO8[TS6] 
Divide by 16 0 0) ) 0) 
Divide by 1 0 0 ) 1 
Divide by 2 0 0 1 0 
Divide by 3 0 0 1 1 
Divide by 4 0 1 0 ) 
Divide by 5 0 1 0 1 
Divide by 6 0 1 1 0 
Divide by 7 0 1 1 1 
Divide by 8 1 0 0) ) 
Divide by 9 1 0 0 1 
Divide by 10 1 0 1 0 
Divide by 11 1 0 1 1 
Divide by 12 1 1 0 0 
Divide by 13 1 1 0 1 
Divide by 14 1 1 1 0 
Divide by 15 1 1 1 1 
OPB Divider from PLB 2 L25 J26 
EMCTxD1 EMCTxDO 
Divide by 1 0 ) 
Divide by 2 0 1 
Divide by 3 1 0 
Divide by 4 1 1 
PCI Divider from PLB * 3 D18 C20 
GPIO1[TS1E] | GPIO2(TS2E] 
Divide by 1 0) 0 
Divide by 2 0 1 
Divide by 3 1 0 
Divide by 4 1 1 
External Bus Divider from K25 K23 
PLB 2 EMCTxErr EMCTxEn 
Divide by 2 ) ) 
Divide by 3 0 1 
Divide by 4 1 0 
Divide by 5 1 1 
ee ‘j ueoe o ea 
Zz UART1_DTR 
8-bit ROM 0 0) 
16-bit ROM 0 1 
32-bit ROM 1 0 
Reserved 1 1 
ROM Location U2 
HoldAck 
PPC405GPr Peripheral Attach 0 
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Data Sheet 
PPC405GPr New Mode Strapping Pin Assignments (Sheet 3 of 3) 
Function Option Ball Strapping 
PCI Asynchronous Mode Y3 
Enable ExtAck 
Synchronous PCI Mode 0 
Asynchronous Mode 1 
External Bus Synchronous A22 
Mode Enable ° GPIO3[TS10] 
Asynchronous Mode 0 
Synchronous Mode 1 
PCI Arbiter Enable 3 AF18 
GPIO4[TS20] 
Internal Arbiter Disabled 0 
Internal Arbiter Enabled 1 
New Mode Enable D20 
teeiee mode the GPIO24 
Prf i like th 
A ae Legacy (PPC405GP) mode 0 
If not strapped, the PPC405GPr 
defaults to Legacy mode. New (PPC405GPr) mode* : 
Flip Circuit Disable AB3 
(must be strapped low (0) GPIO9[TrcClk] 
during initilization). , 
Normal operation 0 


Note: 


1. The tune bits adjust parameters that control PLL jitter. The recommended values minimize jitter for the PLL implemented in the 
PPC405GPr. These bits are shown for information only; and do not require modification except in special clocking circumstances such as 
spread spectrum clocking. For details on the use of Spread Spectrum Clock Generators (SSCGs) with the PPC405GPr, visit the technical 
documents area of the AMCC PowerPC web site. 

2. Not all combinations of dividers produce valid operating configurations. Frequencies must be within the limits specified in “Clocking 
Specifications” on page 43. Further requirements are detailed in the Clocking chapter of the PowerPC 405GPr Embedded Processor 
User’s Manual. 

3. Additional consideration must be given to pins that normally function as Trace signals. Improved design margin can be gained by using 
three-state buffers instead of strapping resistors, and minimizing trace lengths and stubs. 

4. The pull-up initialization strapping resistor must be 1kQ rather than 3kQ in order to overcome the internal pull-down resistor. 


Revision Log 


Date Contents of Modification 
03/13/2003 400 MHz part numbers and new power/current numbers 
08/28/2003 Add new Vpp values for 400MHz parts. 

Correct package drawings and add lead-free part numbers. 
11/22/2004 Add +105°C temperature specification. 

Add 1 ms. voltage ramp-up restriction. 
12/02/2004 Update to AMCC format. 
01/06/2005 Correct typographical error in 27mm package drawing. 
08/29/2005 Add dashes back into PNs. 

Revise package drawings to add logo view. 
parleeng? iene iia anon date on last page. 
09/07/2007 Change TestEn signal from active low to active high. 


Correct AMCC telephone numbers. 
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The following are trademarks of AMCC in the United States, or other countries, or both: 
AMCC 


Other company, product, and service names may be trademarks or service marks of others. 


The information contained in this document is subject to change or withdrawal at any time without notice 
and is being provided on an "AS IS" basis without warranty or indemnity of any kind, whether express or 
implied, including without limitation, the implied warranties of non-infringement, merchantability, or fitness 
for a particular purpose. Any products, services, or programs discussed in this document are sold or 
licensed under AMCC's standard terms and conditions, copies of which may be obtained from your local 
AMCC representative. Nothing in this document shall operate as an express or implied license or indemnity 
under the intellectual property rights of AMCC or third parties. 


Without limiting the generality of the foregoing, any performance data contained in this document was 
determined in a specific or controlled environment and not submitted to any formal AMCC test. Therefore, 
the results obtained in other operating environments may vary significantly. Under no circumstances will 
AMCC be liable for any damages whatsoever arising out of or resulting from any use of the document or the 
information contained herein. 
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APPLIED MICRO CIRCUITS CORPORATION 


Applied Micro Circuits Corporation 
215 Moffett Park Drive, Sunnyvale, CA 94089 


Phone: (408) 542-8600 — (800) 840-6055 — Fax: (408) 542-8601 
http://www.amcc.com 


AMCC reserves the right to make changes to its products, its datasheets, or related documentation, without notice and war- 
rants its products solely pursuant to its terms and conditions of sale, only to substantially comply with the latest available 
datasheet. Please consult AMCC’s Term and Conditions of Sale for its warranties and other terms, conditions and limitations. 
AMCC may discontinue any semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information is current. AMCC does not assume any lia- 
bility arising out of the application or use of any product or circuit described herein, neither does it convey any license under 
its patent rights nor the rights of others. AMCC reserves the right to ship devices of higher grade in place of those of lower 
grade. 

AMCC SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BE 
SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER CRITICAL 
APPLICATIONS. 


AMCC is a registered Trademark of Applied Micro Circuits Corporation. Copyright © 2007 Applied Micro Circuits Corporation. 
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